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I.  Purpose,

A, Objective, This program is an extension of the study of
simulated high altitude and outer space environments on the electri-
cal properties of electrical insulating materials that was initiated
under Contract DA-36-039-5C-78324 (Maxrch 1, 1959 - February 28,
1962). The objective of this program is to provide a better under-
standing of the behavior of electrical insulating materials in a space

environment.

B. Materials. In the previous program, data was obtained on
21 materials. The materials of that group that are referred to in this

report are identified as follows:

Designation Description and Supplier
TFE-6 Polytetrafluoroethylene extrusion resin,

commercial designation TFE-6. E.I, du
Pont de Nemours and Company, Wilming-
ton, Delaware.

TFE-7 Polytetrafluoroethylene molding resin,
commercial designation TFE-7. E,I. du
Pont de Nemours and Company, Wilming-
ton, Delaware.

FEP-100 Copolymer of tetrafluoroethylene and
hexafluoropropylene, melt processable
resin, commercial designation FEP-100.
E.I. du Pont de Nemours and GCompany,
Wilmington, Delaware,

Mylar Polyester film, commercial designation

130-100T MYLAR 130-100T, highly oriented in the
long, or machine direction, E.I. du Pont
de Nemours and Company, Circleville,

Ohio,
Mylar Polyester film, commercial designation
130-100A MYLAR 130-100-A, same composition
as 130-100T but not as highly oriented.
Mylar Polyester, capacitor {ilimm, commercial
130-1900C designation MYLAR 130-100C, E.I. du

Pont de Nemours and Company, Circle-
ville, Ohio.




PURPOSE

One additional material was included in the study of the effects
of x-ray irradiation on a~c loss properties. It is identified as

follows:

C-1147 Composition of methyl styrene with a
small amount of dimethy!l siloxane
additive. Specimens supplied by the
Delaware Research and Development
Corporation, Wilmington, Delaware.

C. Electrical Properties.

. Dielectric constant at 60 cps, 2, 18 and 100 Mc,
Dissipation factor at 60 cps, 2, 18 and 100 Mc.

Volume resistivity, d-c.

. Surface resistivity, d-c.
. Electric strength 60 cps, 2, 18 and 100 Mc.
. Flashover strength 60 cps, 2, 18 and 100 Mc.

-~ O b W N e

. Microwave transmission properties at frequencies

up to 10 Gc as time and facilities permitted.

D. Environmental Conditions.

1. Temperatures of -55, 25, 85 and 125C,
2. Minimum vacuum of 104 torr.

3. Solar x-rays,

4. Solar ultraviolet.

5, Chemisphere andionosphere conditions.
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II. Abstract

Further results of a study of simulated spacec environment on the

electrical properties of solid dielcctric materials are reported.

High-vacuum sparkover measuremecnts in the presence of a
strong magnetic field show that the breakdown voltage does not depend

on effects produced by primary electrons striking the anode.

Preliminary results indicate that x-ray induced conductivity, Tos
in Mylar-C, TFE-7 and polyethylene was voltage dependent, following
the relationship log T Ve Ata fixed voltage, T, was proportional
to RA, where R is the dose rate and A is a constant, The time re-
quired for o, to reach a maximum value was not proportional to R7Y,
where R is the dose rate and p is a constant, as reported elsewhere
in the literature. With Mylar-C, o is temperature dependent, show-
ing a complex behavior in the range of the second order transition

temperature. Insufficient data does not permit final conclusions.

X-ray induced a-c¢ losses in TFE resins (previously reported) are
greatly influcnced by the presence of oxygen during sintering, Diffu-
sion (specimen thickness) plays a minor role in irradiation effects on

a-c loss properties,

An improved specimen for electric strength measurements on

solids, at frequencies up to 100 Mc, is described.

Some phases of the investigation will be continued under Contract
NAS8-5253.
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III. Factual Data. ‘

A. Facilities.

1. Laboratory Relocation. During the present reporting

period the Dielectrics Laboratory was moved from 1315 St. Paul
Street, Baltimore, Maryland to 405 North Caroline Street, Baltimore,
Maryland. Since it was necessary to dismantle the existing high-
voltage test berths! it was convenient to make design changes that
would increase the versatility of existing equipment. In the new
installation, high voltage tests at d-c, 60 cps, 1, 38 and 180 kc can
be made in the same berth.  All of these voltage sources and their

accessories can be operating from a single control-console.

The radio-frequency test circuits that had previously been
located in a walk-in shielded-room are now installed ina 2 1/2' x
4' x 8' shielded enclosure. Ready access to all parts of the enclosure
is provided by removable panels and doors. This installation is used

for high-voltage experiments in the 2 to 418 Mc range.

2. Environmental Chambers. The high-vacuum pumping

systems and test cells that were used in this study have been fully
described in previous reports. It is only necessarysto mention here
that the x-ray generator uses two iMachlett AEG-50 beryllium window
tubes that are capable of continuous operation at voltages up to 50 KV
peak and anode currents up to 50 ma. The maximum output intensity
of ecach tube is 1. 60 milliwatts/cm2 at a distance of 155 mm from the

target.

3. Temperature Controlled Loss-Specimen Holder. A

guarded specimen holder was designed to facilitate dielectric constant
and dissipation factor measurements at frequencies up to 100 kc, over
the temperature range of -50 to 125°C during x-ray irradiation in
vacuum. Only preliminary measurements have been made, but the

general construction is of interest.



6 FACILITIES

The holder was designed to be mounted in an existing vacuum
chamber, which has provisions for introducing x-ray irradiation.
Therefore, it was not necessary for the holder itself to be vacuum
sealed. Its only functions are: (a) to support the specimen and the
electrodes, and (b) to provide a constant-temperature surface which
surrounds the specimen. The electrode pattern is a common arrange-
ment of a guarded electrode and a guard-ring on one side of a flat

specimen and a single electrode on the other side.

The guarded electrode and the guard ring are mounted in the
closed end of a cylindrical brass tube (4" diameter x 3 1/2'" long).
This cylinder is nested in a larger cylinder {4 1/2" diameter x 4"
long) so that there is a spacing of about 1/4" between the inner and
outer cylinders. Heater wires are wrapped around the cutside of the
inner cylinder and a cooling coil is wrapped around the outer cylinder,
which can scerve as a heat shield or a cooling surface, depending on the
temperaturc of the experiment. The x~ray beam enters through an

opening in a cover plate at the open end of the specimen holder.

The guarded electrode and the guard ring are insulated from
the end-plate and rigidly fastened to insulated studs that serve as
electrical terminals. A thin coating of silver, applied directly on the
specimen, scrves as the high-voltage clectrode. Any additional metal
in this location would shield the specimen from the x-ray beam. Elec-
trical contact with the silver coating is made through a metal ring

which is fixed in an insulated inscrt.

Using thermocouples for temperature measurement, and a
thermistor is the temperature control circuit, the specimen tempera-

ture can be maintained constant within 0. '1OC.
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B. Electrical Breakdown in High-Vacuum,

1. Purpose. The results of a study of sparkover in high
vacuum were discussed in the Final Report of Contract DA-36-039-
SC-78321. In this previous sludy, [lashover across the surface of an
insulating material and sparkover between spherical electrodes were
investigated. It was shown that the inherecntly high electric strength of
air at pressures in the 10~6 torr range is compromised by cathode
effects. The surface roughness of the cathode proved to be a critical
factor. During the present reporting period, additional cxperiments
werce conducted for the purposc of determining if sccondary cffects at

the anode contribute to the breakdown process,

2. Background. A comprehensive discussion of gaseous
breakdown can be found in a recent book by F, Llewellyn-.]'(mes(i).
For the purposes of this discussion it is only necessary to make a few

general remarks.

A sclf-sustained discharge occurs in a gas when each electron
avalanche that crosses the breakdown gap causes (on the average) at
least one secondary clectron that gives risc to a new avalanche. At
pressures where themean free path of the electrons is short compared
to the gap between the electrodes, thc gas molecules in the gap play
an important part in the brcakdown mcchanism, The electrons which
collide with these gas molecules can produce pholons or positive gas
ions which, in turn, can generate enough secondary electrons for a
self-sustained discharge. Howcver, at lower pressures where the
mean free path is much longer than the electrode spacing, as in
laboratory experiments when the pressure is below 10_5 torr, the
chance for a collision of an e¢lectron with a gas molecule is much
smaller. Therefore, the residual gas molecules between the electrodes
do not contribute to the breakdown mechanism in high-vacuum. Con-
scquently, the cffects originating at the clectrodes must play a dominant

role.
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There are several ways in which the cathode and anocde could
contribute to the breakdown mechanism, other than creating the elec-
tric field between the electrodes. It is well established that the high
fields located at sharp points on the cathode causc field emission of
clcctrons, The electrons are accelerated by the electric field and

bombard the anode (2,3,4,5,6, 7).

The question arises: are there
any secondary effects at the anode which, in turn, could generate

secondary electrons to obtain a self-sustained discharge?

Many hypotheses have been offered concerning secondary
effects at the anode caused by the bombardment by primary electrons

(6,7,8, 11). These hypotheses are concerned with:

(a) Release of positive gas or metal ions from the anode,
These ions, which arc accelerated in the electric field,
bombard the cathode and could releasc secondary

clcctrons.,

(b) Formation of x-rays at the anode which in turn
rclease secondary electrons at the cathode by photo-

emission,

{c) Local heating of the anode surface to a high
temperature causing the liberation of large amounts
of adsorbed gas and metal vapor which destroy
the vacuum and cause a gaseous discharge to occur,
Charged metal particles detached irom the cathode
could iontrgc:ute to this effect by bombarding the

8, 10}

anode

(d) Release of charged metal particles from the anode
bombarding the cathode and thereby causing cffects

as described in {c) above.
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To test these hypotheses other workers have measured:

(@) The average number of ions and x-ray quanta

released from the anode per bombarding electron,

{b) The average number of secondary eleclrons
released from the cathode per ion or x-ray

quantum impinging on the cathode.

The values obtained from these measurements were too low

to account for any of the effects described above(s’ 9 10).

However,
it is difficult to measure voltage-dependent secondary effects just
before and during development of breakdown because of the large
variation in breakdown voltage and the fact that breakdown develops

in less than a microsecond,

Dyke, Trolan, et al (3,4,5) have shown, by using a sharply
pointed cathode and pulse voltages, that the bombardment of the
cathode by positive ions from the anode is not essential for breakdown.
The time in which breakdown occurs is less than the time required
for an ion to traverse the gap between the electrodes. This is so
much more the case for the heavier metal particles which are detached
from the anode. They report that the large field-emission currents,
at voltages near the breakdown voltage, heat the thin tip on the cathode.
This causes thermo-emission which results in an increase in the
total emission from the cathode. This runaway condition continues
until the metal point evaporates and a gaseous discharge in the metal
vapor occurs. The results of the following experiments not only

support the statcments of Dyke and Trolan, but show that none of the

secondary effects at the anode are essential for breakdown. The only
function of the anode in initiating breakdown is to crcate the electrical

field at the cathode.
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3. Experimental Mcthod. The end of a 1/16" diameter

copper wire was filed to a conical tip. The tip of the wire was used

as the cathode opposite a flat brass anode, as shown in Figure 1. The
distance between the tip of the cathode and the anode was about 3/8",
Both electrodes were placed in a cylindrical glass cell which was
evacuated by an oil diffusion pump., The pressure in the cell was
held at about 10-5 torr. The prebreakdown current could be measured
with the micromicrocammeter, M. The cell was placed between the
poles of an electromagnet, so that the magnetic field was perpendicu-
lar to the axis of the glass cylinder. Because the electric field is
greatest at the tip of the needle, the field emission current will
originate there. With no magnetic field, the electrons emerge from
the tip, cross the gap in nearly straight lines, and impinge on the

anode.

When the magnetic field is applied in the z-direction (see
Figure 1) the electrons, which are moving in the x-direction, are

deflected in the y-direction in accordance with the classical relation-

ships:
2
x dt
2
F = Be .Slﬁ = mﬂ. s
Y dt dt?
1/2
and y = -E}- (-Z_ci) E_ilZ x3/2 ,
3 m
where, = x~component of the force on an electron

F

F: = y-component of the force on an clcctron
B = magnetic field strength (z-direction)
E

e

electric field strength (x-direction)
= electronic charge

m = electronic mass
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t = time

y = deflection of electron in y-direction

Near the tip of the cathode, where the electrons have a low
velocity, the force, Fy’ and the displacement, y, are small. There~
fore, the presence of the magnetic field has little effect on the
primary electrons near the cathode. However, with a strong enough
magnetic field the electrons can be deflccted far enough to completely
miss the anode. Any secondary effects associated with the anode
would then be drastically changed as the magnetic field is switched
on and off, Therefore, if the breakdown voltage is not affected by the
presence of the rﬁagnetic field, the mechanism that initiates break-
down is not dependent on secondary effects at the anode, The essential

secondary effects must then be occurring at the cathode only.

Because the inherent spread in results for vacuum breakdown
5 is large enough to mask effects that would be significant,
the following step-by-step procedure was used in studying the influence

of the magnetic fleld on the breakdown voltage:

The direct voltage was increased in steps of 300
volts, a value considerably smaller than the normal
spread in results. In one series of tests, the
magnetic field was introduced after each voltage
level was reached, and then removed while the
voltage was increased to the next level, This
procedure was continued until breakdown occurred.
In another series of tests, thc magnetic field was
present while the voltage was being increased, and

then removed at each voltage level,

If the presence of the magnetic ficld caused a change in

breakdown voltage of at least 300 volts (about 1. 5%), the breakdowns
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would occur more frequently during a particular phase of the testing

procedure,

4. Results and Conclusions. A random pattern of behavior
wag observed, The breakdowns did not coneistently occur during a
particular phase of cither tcsting cycle. Therefore, it must be con-
cluded that the breakdown voltage does not depend on any effects

produced by the primary electrons striking the anode,

Another phcnomenon which was observed during the test is
worth mentioning. When the direct voltage was sufficiently high and
wasg increased s‘lowly, bright spots appeared at the cathode, These
spots disappeared and reappeared at different placed on the cvathode,

but no arcs occurred dcross the pap.

The explanation of this phenomenon could be that sharp points
on the rough surface of the cathode were first heated to the melting
temperature of the metal by the field emission current. Then, due
to the surface tension in the metal, the sharp points were rounded
off and the electric ficld at the liquified points decreased, This
resulted in a decrease in the field-emission intensity and a corres-
ponding decrease in the temperature of the metal point. There was
not enough metal evaporated during this process to raise the pressure

80 that a gaseous breakdown could occur.

C. X-Ray Induced Conductivity.

1. Experimental Procedurcs. In the previous program it

was not possible to make meaningful measurementa of x-ray induced
conductivity in high-vacuum because all of the available pumping
equipment was rcquirced for other types of experiments, A few mea-
surements were made on specimens that were being used for a-c loss
studies, but, for reasons that are discussed below, the results were

only qualitative.
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To measure d-c conductivity during irradiation it is

necessary that the following conditions be given careful consideration:

(a) At pressures higher than several microns,
ionization current can be high enough to
interfere with the measurement of conduction
current., In high-vacuum the ionization current

is small enough to be neglected.

(b) Photoelectric emission from exposed metal
electrodes can cause currents in the measurement
circuit that are as large as the conduction current.
It is always necessary to either correct the current
readings to account for the net photoelectric current,
or to arrange the specimen and its electrodes so
that the net photoelectric current in the measure-

ment circuit is small enough to be neglected,

{c) X-ray absorption in the electrodes can drastically
reduce the beam intensity at the specimen surface,
particularly when low energy radiation is used.
Fo.r the 50-KVP x-rays used in this study, it was
necessary to apply thin-film electrodes of silver

paint or evaporated silver,

(d) To maintain uniform irradiation throughout the
active volume of the specimen it is necessary to
limit the specimen thickness. The maximum thick-
ness used in this investigation was 4 mils, so atten-
uation of the incident beam by absorption in the

specimen was small enough to be neglected.

{e) A long period of electrification is required to permit

polarization currents to decay before radiation is
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introduced, Furthermore, the spécimen must
remain electrified at a constant voltage during

the entire experiment.

(f) The temperature of the specimen must be controlled
because conductivity depends on temperature. This

ig particularly important at elevated temperatures,

A cross-sectional view of the specimen/electrode system
used in this study is shown in Figure 2. The specimen consists of
two layers of dielectric {ilm, FEach layer is 3 1/8 inches in diameter
and has a silvered arca 2 3/4 inches in diameter on either side. The
gilvered areas that arc in contact when the films are gsuperimposed
serve as mcasurement electrodes, The silvered areas on the outer

faces of the films serve as high-voltage electrodes. Two metal rings

that are used to clamp the diclectric films serve as a guard electrode.

Electrical connections to the measurement circuit are made as shown

in Figure 2.

Photo-electrons emitled from the measurement electrodes
are trapped or collected before they can escape from the space be-
tween the films, so they make no net contribution to the current in
the measur ement circuit. Currents caused by emission from other
exposed parts do not infiuence the measured current because they
cannot enter the puarded measur ement~circuit. Ideally, the radiation
should not cause any current in the measurement circuit when the
high~voltage clectrodes are connected to ground, In practice, this
residual current was less than 1% of that measured when the normal

voltage was applied.

The specimen/electrode assermbly was mounted in a speci-
men holder and placed in a vacuum chamber so that the front surface

of the specimen was perpendicular to the axis of the x-ray becam.

-
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Heating wires located in the back-plate of the holder and in front of
the specimen were used to heat the specimen. Thermocouples were
used for temperature measurecment, and a thermistor was used in the
temperature control circuit. The temperature of the specimen was

controlled to within 0,1°C at all times.

2. Experimental Results. A complete study of x-ray induced

conductivity would include the determination of:
(a) the instantaneous effects of a sudden increase

in radiation intensity.

(b} the long-time effects of continued irradiation, as

measurcd during irradiation.

{c) the instantanecus effects of a sudden decrease in

radiation intensity.
(d) the long-time recovery effects.

Each of these characteristics cau be affected by the following experi-
mental parameters:

(a) test voltage

(b) temperature

{c) dose rate

(d) absorbed dose
With the time and facilities that were available for this study, it was

not possible to conduct such a complete investigation of induced con-

ductivity, even for one material,

One of the factors studied in the preliminary experiments was

the effect of applied voltage on induced conductivity, To measure dark
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20 mho cm-i, it was desirable to

conductivities of the order of 107
make the applied voltage as high as the experimental conditions would
permit. Other workers have reported differing voltage effects, depend-
ing on the conditions of their respeciive experimants. Measurements

have been reported to show that induced conductivity is ohmic(iz),

(13), and semi-conductive in nature

(14)

a decreasing function of voltage
To determine the relationship between induced conductivity, o and
the applied voltage, V, for the experimental conditions prevailing in
this study, measurements were made on three materials over the
voltage range from 45 to 320 volts at a dose rate of 550 rads/min
(HZU)' At this low dose rate, U, reaches a steady value, T which

appears to be an equilibrium value.

These experiments showed that ¢, was non-ohmic. The
results for TFE-7, Mylar-C and polyethylene are summarized in
Figure 3. These curves indicate a linecar relationship between log v,
and V. This agrees with the resulis obtained by Ambor ski“s) on

Mylar film at elevated temperatures without irradiation.

Another series of measurements was made to determine the
effect of dose rate, R. A typical set of curves for Mylar-C at 68°C
is shown in Figure 4, Although the specimens were irradiated for
only 10 minutes, each specimen was electrified and heated in the
vacuum chamber [or 16 hours before irradiation. In all of the resulis
discussed herein, a new sample was used for each set of measure-~
ments. This was necessary because thermal and radiation exposure

produce permanent effecis that influence conductivity.

At the lower dose rates, o appears to reach an equilibrium
value, T, a8 mentioned above. However, at the higher dose rates
T, goes through a maximum, L If the irradiation at the lower dose
rates is continued long enough, Lo decreases below the cquilibrium

value, L Therefore, the term T iz used hereafter to mean the
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maximum value of induced conductivity, although this value may
persist for a long time when the dose rate is low. These results
(Figure 4) indicate the dependence of o, on absorbed dose, as well

as dose rate.

The relationship between T and dose rate, R, is shown in
Figure 5 for TFE-7, Mylar-C and polyethylene. In each case, T
(16),

follows the relationship discussed in detail by Fowler
L bRA s

where T is the maximum value of L b is a constant and A is the

slope of the '"'log T VB log R'" curve, as shown in Figure 5. Fowler

related the equilibrium value of U to dose rate for smaller dose rates

than those used in this study, However, the relationship holds for the

maximum value of o, at these higher dose rates. These measurements

were, of course, made at a fixed voltage.

Further experiments were conducted to determine the effect
of temperature on induced conductivity in Mylar-C, Again, before
each radiation exposure, the specimen was electrified and heated to
the prescribed temperature in vacuum for 16 hours, The results
obtained at temperatures in the range of 68.2 to 92, 1°C are summar-
ized I Figure 6. A dose rate of 3600 rads/min was used in all of

these experiments,

The dark conductivity is, of course, temperature dependent,
and it goes through a maximum during the period following an increase
in temperature. In all cases, T, had stabilized before the beginning

of the radiation exposure,

At each temperature, o, reached a maximum value during
the first minute of irradiation. The differences in these maximum
values at the various temperatures were of the same order of magni-

tude as the experimental error, Therefore, measurements at a lower
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dose rate would be required to more accurately determine the
relationship between T and temperature, However, as the exposure

continued, temperature had a drastic effect on the observed behavior.

At the two lower temperatures (68. 2 and 75.6°C), T rapidly
decayed to a value which then decreased by only 15% during the remain-
der of the exposure period. At the two higher temperatures, the initial
maximum was followed by a broader maximum which occurred during
the second hour of irradiation. ‘This second maximum was followed
by a steady decrease during the remainder of the exposure period. At
an intermediate temperature of 79, 7OC, a second maximum was ob-
served, but it took longer to develop and was much broader than those
observed at the higher temperatures., A second specimen showed the

same bechavior at a tempcerature of 79. 8°c.

During these experiments, thc prcssure in the vacuum cham-
ber was recorded, The chamber was under continuous pumping, so
the pressure changes cannot be converted to volumes of released gas,
However, the curves of "'pressure va., exposure time', which are
shown in Figure 7, indicated that the changes in the measured values
of conductivity could be related to the increased pressure in the cell.
This unlikely relationship, which would indicate a serious flaw in
experimental technique, was tested by placing an additional 100 square
inches of Mylar in the chamber and repeating a radiation exposure
experiment on a new specimen. The walls of the chamber were heated
to 75°C and the conductivity specimen was maintained at 75. 6°C. The
usual 16 hour pre-irradiation conditioning was carried out. The pres-
sure curve is shown in Figure 7 (broken line). Although this pressure
curve is completely out of line with the family of curves for the normal
experiments, the conductivity curve (Figure 6) is in line with the other
conductivity curves. Therefore, the pressure rise could not have influ-

enced the measured values of induced conductivity.
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A considerable amount of work has been reported in the
literature on the evolution of gases from various polymers during
irradiation, but no information is available on the quantitative identi-
fication of gases produced by the irradiation of polyethylene tere-
phthalate,

3. Discussion of Results. Because this investigation is

incomplete, several interesting questions must remain unanswered
at the moment. As usual, differences in experimental conditions
influence the correlation of results with those of other workers,
However, in some areas, excellent agreement has been obtained,

while in other areas, contradictions seem to be indicated.

The agreement of the '"log ¢ vs. V' curves (Figure 3) with
the results of Amborski(4) would ind}i(cate that the induced conductivity
L and the dark conductivity, T, are associated with the same
conduction mechanism. This relationship, which is interpreted by
Amborski and Burton(iﬂ to indicate an ionic transport mechanism,
leads to a hyperbolic sine relationship between the conduction current,

I, and the applied voltage, V., Their expression is:
I=3s'sinh (a'V)

where s' and a' are constants.

(16)

to be ohmic, and his analysis of the conduction mechanism is based

Fowler , on the other hand, found x-ray induced currents
on conduction by free electrons in the presence of electron traps. In
the relationship Tn " bRA, A assumes values ranging from 0.5 to
1.0 and is a charactcristic of the material, In this model, A is
related to the distribution of normally forbidden levels, or traps.
For a uniform distribution, A=1; for an exponential distribution, A
approaches 0.5, As shown in Figure 5, the values of A obtained in
this study for TFE-7, Mylar-C and polyethylene were 0.73, 0.83 and
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0.66 respectively. These values are in agreement with those of
,(12,13,16,18)

cther worker
Considerably more data would be required to confirm the
relatienship between T and V over a range of dose rates and
temperatures, However, if the linear relationship between log o
and V is established, then the constant A would also be voltage

depenaent.

The increase in Ty to a maximum value, L during the
initial stage of irradiation has been investigated by other workers.

(18)

Harrison reports that the time, To’ required for o, to reach a

maximum value is related to the dose rate, R, by the expression:
T =BR™" |
where B and u are empirical constants. The time constant, To,ia
described as the time required for the rate of generation of free
carriers to exceed their recombination rate. Tie data on Mylar~C,
shown in Figure 4, does not follow this simple relationship, which
implies a linear relationship between log T, and log R, The time
constant for the lowest dose rate (103 rads/min) is much longer
than this relationship would predict. Again, only three points are
available and no conclusions can be drawn on such a small amount of
data.

The rate at which L decreases after the initial rise has also

(19)

been investigated by other workers, Coleman , using a strontium-90

beta source, found that L decreased according to the relationship:
g .~ t 3
x

where t is the irradiation time and n depends on the dose rate. This
relationship held for polystyrene, monochlorotrifluoroethylene and
Corning Vycor 7920 when irradiated at dose rates from 0,05 to 3,0

r/sec. In the present work, a simple exponential function would not
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describe the decrease in T with radiation time, As shown in Figure 6,
the behavior is more complex, and it depends on temperature as well

as dose rate,

Warner, Muller and Nordlin(zo), using gamma radiation
from a Cobalt-60 source at a dose rate of 100r/hr, found a maximum
conductivity at about 600 r and decreases thereafter for polyethylene,
polystyrene and polytetraflucroethylene. They suggested that the
slow increase in Ty is associated with a corresponding accumulation
of predominately univalent ions, and the subsequent decrease resulted
from degradation accompanied by formation of molecular dipoles acting

as traps for the ions.

In Figure 6, which shows the effect of temperature on the
induced conductivity for a fixed dose rate, it is interesting to note
that the difference in behavior (appearance of a second maximum)
occurs at temperatures in the range of the second order transition
point for polyethylene terephthalate. It would not be expected, however,
that any rapid changes in degree of crystallinity would be occurring
after 416 hours of conditioning at the prescribed temperatures, unless
such changes were induced by the radiation. It is apparent that in this
temperature region, even small changes in temperatures produce
gignificant effects on the variation of L with irradiation time, A
detailed study of the effects of temperature and degree of crystallinity
on induced conductivity might revcal further information on the con-

duction and degradation mechanisms.

As mentioned previously, time would not permit a thorough
study of x-ray induced conductivity in polymers. Several questions
arise conccrning the correlation of the available data on polyethylene
terephthalate with the published work of other investigators. The
results of this incomplete study immediately suggest several further

experiments that would lead to useful conclusions,
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D. X-Ray Induced A-C Losses,

1, Previous Results. In the previous program, measure-

ments of dielectric constant and dissipation factor (tan§) were made
on several materials during x-ray irradiation in high-vacuum. The
largest effects werc thosc exhibited by the polytetrafluoroethylene
materials TFE-6 and TFE-7. Large increases in dielectric constant
and tand were observed at frequencies up to 1 kc during irradiation.
The results obtained on TFE-6 in vacuum and in air are summarized

in Figures 8 and 9.

Curve B is typical of the behavior of both TFE-6 and TFE-T7,
where a maximum value of tand was rcached during the early stages
of exposure, followed by a decrease during the remainder of the
exposure period in vacuum. When irradiated in air (Curve A}, the
high value of tand was maintained throughout the exposure period. A
specimen that had previously been exposed (8.5 megarads) and allowed
to recover for 10 months (Curve C) showed the same general behavior
during the sccond irradiation, but the increase in tand was moderated
and a steady value was observed during the latter part of the sccond

exposure period.

The rccovery data of Figure 9 shows a marked difference
between the vacuum-irradiated and air-irradiated specimens. Tané
decreased during the 30-day recovery period for the specimen irrad-
iated in air (Curve A). The rate of decay decreased during the recov-
ery period (tané plotted on logarithm scale), but there was a continuous
decay. The specimens irradiated in vacuum {Curves B ancd C) showed
a sudden decreasce in tand when the irradiation was removed, followed
by a constant value of tand during a 5-day recovery period in vacuum,
However, when the pressure in the chamber was returned to one
atmosphere, both specimens showed a sudden increase in tanbé, After

a period of somewhat erratic behavior for the specimen of Curve B,
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tané remained constant for both specimens during the remainder of
the 30-day exposure period; Curve C being a decade higher than Curve
B.

Attempts to explain these results on the basis of the known
radiation effects on the structure of the polymer were not successful.
One complication was associated with the data obtalned on an old lot
of polytetrafluoroethylene that had been stored in the laboratory for
several years. This material did not exhibit the drastic effects
cobserved with TFE-6 and TFE-7, yet its structure was essentially
the same. In an effort to more accurately define the factors that
contribute to the drastic effects exhibited by TFE-6 and TFE-7,

further experiments were conducted during the present program.

2. Experimental Results. To determine if diffusion of gascs

contributes to the observed behavior, specimens of different thicknesses
were irradiated, A 30-mil specimen and a 425~-mil specimen were
machined from the same 1/2 inch thick block of TFE-7, A second
30-mil specimen was taken from a sheet of 30-mil skived film, which
was also made of TFE-7, Dielectric constant and tan8 measurements
were made over the frequency range of 100 cps to 100 ke, The 4100 cps

tand data is summarized in Figure 10,

The inclusion of the 30-mil film proved to be fortuitous
because it behaved in a manner Lhat was totally unexpected and indi-
cated that the processing of the resins plays an important role in
radiation effects, The two machined samples followed the same
general pattern that had been previously observed with TFE-6 and
TFE-7 specimens, The skived film, on the other hand, showed an
entirely different behavior, as shown in Figure 10. Its tan did not
rapidly incrgase to the high values exhibited by the mechined specimens,

Rather, it exhibited a slow increase in tand during the entire exposure
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period (480 hours, 12.3 megarads). During the latter part of the
exposure period, the increasing tan$ of the film was considerably

higher than the decreasing tand of the machined specimens.

The recovery data,  shown in Figure 11, also indicates a
marked difference in behavior between the two types of specimens.
The film, which had never reached a peak value of tan§ during
irradiation, exhibited a steady decrease in tané during the 20-day
recovery period in high-vacuum. The machined specimens showed
a more rapid decrease in tand followed by a period of little change.
The 30-mil machined specimen did exhibit a more rapid decay in tané
than the 125-mil specimen, and this may well be the most significant

effect of the reduced thickness.,

When the cell was filled with dry (oil pumped) nitrogen, a
sudden increase in tand was observed for all three specimens. This
effect had been observed in all previcus experiments with the TFE
polymers. The effect was somewhat moderated in the case of the

gkived film, but the pattern of behavior was essentially the same.

It should be noted that the skived film did exhibit a small
peak in the tan8 curve during the early part of the radiation exposure
period. This peak may be significant, and it is referred to later in the

discussion.

Corresponding. changes in dielectric constant were observed

and they are shown in Figures 12 and 13,

The effects are greatly moderated at 4 ke, where the maxi-
mum value of tand during exposure was 0.0018 for the 30-mil
machined specimen, and 0.020 for the 125-mil machined sgpecimen.

All of the detailed data are given in Tables 1 to 4.
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It was suggested by the manufacturer that the primary
difference between the machined specimens and the skived films is
associated with the sintering process. The film is skived from a
large diameter cylinder after the sintering process is completed.
Therefore, a specimen laken [rom the outer portion of the cylinder
would have been exposed to air during sintcring, while a specimen
taken from the inner portion of the solid cylinder would have been
protected from the atmosphere. There was no way of determining
the location from which the specimen used in this experiment had
been taken, but another experiment provided data that confirms the
suggestion that the presence of oxygen during sintering influences the

observed radiation effects,

Two types of TFE-7 specimens supplied by E.I. du Pont de
Nemours and Company were used in this phase of the investigation,

They are identified as follows:

A-2 Sintered in air, 380°C, 2 hours.
N-2 Sintercd in nitrogen, 380°C 2 hours.
Sintered in air, 3800C, 16 hours.

A-16
N-16 Sintered in nitrogen, 380°C, 16 hours.

The results obtained at 100 c¢ps are shown in Figures 14 to 17. In
Figure 14, the spccimen sintered for 2 hours in nitrogen exhibited a
behavior similar to that of the 30-mil skived film, while the specimen
sintered for 2 hours in air showed effects similar to those that had
been observed for all other TFE specimens. Again, the small peak

in the tand curve was observed during the early stages of exposure,

The tanbd recovery data (Figure 15) showed the same pattern
of behavior that had been previously observed. The recovery period
in high-vacuum was extended to 55 days, but no large changes occurred
during the latter part of this period. Again, tand increased when the

cell was filled with dry nitrogen.
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The detailed data, given in Tables 5 to 8, shows that the
effects were greatly moderated at 1 kc. This same frequency effect

has been observed in all of the experiments with the TFE polymers.

The only other malerial that is reported to show effects
similar to the TFE resins is a composition of methyl styrene with a

small amount of dimethyl siloxane additive. These results were

(21),

reported by Pendergast and Hoffman Specimens of similar com-

position, identified as C-1147, were obtained from the Delaware
Research and Development Corporation, Wilmington, Delaware, During
x-ray irradiation for 338 hours in high-vacuum (6 megarads), the
dielectric constant of C-1147 remained at a value of 2. 55 and the highest
value of tand measured at 100 cps was 0,0005, No changes occurred

when the radiation was removed.

After venting the cell to the atmosphere, the same specimens
were exposed in air for an additional 382 hours (3. 6 megarads). The
only effect produced was an immediate rise in the measured value of
tand to 0,003 at 100 cps. This increase was caused by the ionlzation
current parallel to the specimen, Tanb immediately returned to its

normal value when the x-ray generator was turned off,

Since the effects reported by Pendergast and Hoffman were
not evident under the experimental conditions of this investigation, no

correlation could be made with the behavior of the TFE resins.

3, Discussion of Results. The additional data obtained in the

present program shows that an explanation of the effects of radiation
on the a-c loss properties of the TFE resins must include the role of
end-groups and, perhaps, impurities, The simple considerations of
breaking C-C bonds and C-F bends to form ions or free radicals do
. not account for the observed behavior. The high induced losses may
bec associated with conduction in the presence of traps, but the nature

of the charge transport mechanism has not been identified.




ELECTRIC STRENGTH MEASUREMENTS 27

It has been shown that the results of an irradiation experiment
on the TFE resins arc drastically affected by the processing methods
used in fabricating the specimens. This is certainly illustrated by
the data of Figure 10, which shows that 2fter an absorbed dose of
2,5 megarads the 30-mil skived film had a tané of 0. 0005, while the
30-mil machined specimen had a tand that was two decades higher
{0.05). Furthermore, during the period when tand was steadily in-
creasing with one type of material, it was decreasing with the other
type. Therefore, even the qualitative results of an irradiation study

are influenced by the manufacturing proccss,

Additional information would be required to explain the
high induced losses in the TFE resins. The x~ray induced conductivity
of the thesc materials is comparable Lo that observed with other poly-
mers, yet these other materials do not exhibit induced a-c losses.
Thevefore, it is not 2 simple conduction mechaniem that causcs the

high induced losscs,

From the practical viewpoint, it should be noted that the
large changes in tand caused by irradiation occur only at low frequen-
cies. The cffect is greatly moderated at 1 ke, and measurcmcents on
a group of specimens that had high dissipation factors after irradiation
showed no gignificant incrcase in losses in the frequency range from
1.0 to 10 Mc. It is also important to notc that the copolymer of tetra-
fluoroethylene and hexafluoropropylene, FEP, did not exhibit any

changes in a~c properties as a result of x-ray irradiation.

E. Electric Strength Measurements, A considerable amount

of data on the electric strength of solid materials at frequencies up to
100 Mc has been collected during the course of several investigations
at this laboratory, A practical interpretation of these data has been
summarized in a single Government rcport(ZZ)

(23)

paper . In these previous measurements, various types of specimens

and a published
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with recessed electrodes were used to eliminate the compromising
effects of corona in the surrounding medium, In the present program,
a specimen has been developed which will permit more complete
evaluation of the f{actors that may influence the frequency dependence
of electric strength. A cross-sectional view of the specimen is

shown in Figure 18.

The important feature of this specimen is the shape of the
cavity., The thinnest section is located at the base of the circular
groove. Therefore, the raised section at the center of the cavity,
where machining is most difficult, is not involved in the breakdown.
The tubular high-voltage electrodc makes contact with a silver coating
in the cavity, but does not rest on the bottom of the circular groove.
To be sure that good contact is made, continuity betwean the raised
section of the cavity and the tubular electrode is checked with an
ohmmeter. A silvercd arca on the bottom of the specimen is placed

in contact with a ground clecirode,

The specimen is fabricated from a 1/2" x 1 3/4" x 1 3/4"
block. The cavity is started with a 3/4" diamcter drill and then
finished with a special tool in a lathe. The tool has a semi-circular
tip (1/8 radius) which forms the groove at the base of the cavity,
The specimen is mounted on a precision-ground backing plate that is
held in the iathc chuck, A countersunk hole in each corner of the
specimen permits machine screws to be used in mounting the speci-
men on the backing plate. This plate, which extcnds beyond the edges
of the specimen, is used as a reference point in determining the depth
of penetration of the tool to obtain a given thickness at the base of the

cavity,

Prcliminary tests on polystyrence specimens have been success-
ful. Values of electric strength as high as 2600 VPM at 2 Mc have been
obtained with a brecakdown thickness of 5 mils. The breakdowns con-

sistently occur at the basc of the groove, in the thinnest section of the
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specimen. Polystyrene was chosen for the preliminary tests because
it has the highest known electric strength in the r-f range, it is more
difficult to machine than most polymers, and its transparency permits

optical examination of the material in the critical part of the specimen.

This specimen offers a great dcal of versatility in the selec-
tion of breakdown thickness, thickness of metallic coating, and
thermal conductivity of electrodes. It should prove to be useful in

future breakdown studies.




——— . — ———. e ————

———

LA

RS

K
oreceding Page Blar

31

IV. Conclusions.

When the present program was initiated, it was not anticipated
that circumstances would make it necessary to discontinue the investi-
gation at the close of the current reporting period. Consequently,
certain phases of the program are incomplete, and only a few final
conclusions can be drawn. However, the results obtained during this

period are summarized as follows:

1. Vacuum sparkover measurements in the presence
of a strong magnetic field have shown that the
breakdown voltage does not depend on effects pro-

duced by primary electrons striking the anode,

2. X-ray induced conductivity, T in Mylar-C,
TFE-7 and polyethylene was voltage dependent
when measured at a dose rate of 550 rads/min
(HZO)' The maximum (or equilibrium) value

followed the relationship log T V.

3. For dose rates between 4100 and 5000 rads/min
(H,0) ¢, was related to dose rate, R, by the
expression O S bRA. The values of A for
TFE-7, Mylar-C and polyethylene were 0,73,
0.83 and 0. 66 respectively, when measured at

a fixed voltage.

4. The time, To’ required for o {(Mylar-C) to
reach a maximum value, T did not follow
the simple relationship T_ = BR™F, where R
is the dose rate, and B and p are empirical

constants,




5.

6.

CONC LUSIONS

The decay in T after the initial rise to L did

not follow a simple exponential for Mylar-C.

Temperature has a significant effect on T for
Mylar-C., A second maximum in the "o‘x vs.
absorbed dose' curve is observed when the

experiment is conducted at temperatures above

the second order transition point,

. Irradiation effects on the loss properties of TFE

polymera are greatly influenced by the presence
of oxygen during the sintering process. Explanation
of the observed behavior must be concerned with

end-groups and, perhaps, impurities,

Diffusion (specimen thickness) has little effect

on the x-ray induced losses in TFE-7.

. X-ray irradiation did not affect the loss properties

of a composition of methyl styrcne with a small
amount of dimethyl siloxane additive, for absorbed

doses up to 9.6 megarads.
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V. Recommendations.

This investigation will not be continued under USAERDL
sponsorship, so specific recommendations concerning an extension
of the work would not be appropriate, Some phases of the study will
be continued under the sponsorship of the National Aeronautics and
Space Administration, George C. Marshall Space Flight Center,

Huntsville, Alabama.
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1

Description

TFE-7 Vacuum X-Ray Exposure and
Recovery Data, 400 cps.

TFE-7 Vacuum X-Ray Exposure and
Recovery Data, 1 kec.

TFE-7 Vacuum X-Ray Exposure and
Recovery Data, 10 kc.

TFE-7 Vacuum X-Ray Exposure and
Recovery Data, 100 kc.

TFE-7 Vacuum X-Ray Exposure and
Recovery Data, 100 cps. Effect of
sintering.

TFE-7 Vacuum X-Ray Exposure and
Recovery Data, 1 kc. Effect of
sintering.

TFE-7 Vacuum X-Ray Exposure and
Recovery Data, 10 kc. Effect of
sintering.

TFE-7 Vacuum X-Ray Exposure and
Recovery Data, 100 kc. Effect of
sintering.
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Table 1. TFE-7 Vacuum X-Ray Exposure and Recovery Data, 100 cps.

A - 30-mil skived film.
B - 30-mil machined,
G - 125-mil machined.

Dissipation Factor Diclectric Constant,

Exposure Absorbed
Time Dose
{Hours) A B C A B C {Mradas)

d .0003 . 0003 . 0003 2.083 2,101 2.10 0
6 . 0003 . 043 .108 2.083 2.153 2.16 .15
22 . 0003 . 061 . 135 2.083 2.179 2.25 .54
28 . 0004 . 067 . 140 2.085 2,197 2.24 .70
30 . 0004 .07 . 145 2.087 2.207 2.24 .75
47 .0n04 .072 22 2.087 2. 181 2.22 .18
54 , 0004 .07 . 105 2.087 2.167 2.21 1.36
7 . 0004 L0063 L 077 2,087 2.157 2. 19 1.78
78 . 0004 L 057 L 062 2.087 2.155 2.18 1.96
94 . 0005 . 044 L 043 2,087 2.143 2.16 2.36
102 L0005 .039 L0316 2,087 PARE 2. 16 2.51
166 L0008 L 014 L0114 2.087 2. 119 2. 16 4.16
173 . 0008 L0133 . 0098 2. 047 2. 117 2.16 4,34
190 . 0010 . 010 . 0080 2.087 2.117 2.16 4. 77
197 L0011 . Q095 L0074 2.087 2. 115 2. 16 4.94
214 L0012 . 00RD L0063 2.087 PARE R 2.16 5. 37
221 L0013 . 0075 . 0058 2. NHT 2,111 2. 16 5.55
235 L0014 L0065 . 0051 2.087 2 11t 2.16 5.90
257 L0011 PRIV A L0042 2,089 PRE R 2. 16 6, 45
4 L0048 L0020 L0025 2,089 oAty 2016 8. 14
29 L0053 L0026 L0023 2,089 2. 111 2.16 8.26
346 . 00062 . 0020 . 0016 2.089 2,11t 2.16 8. 68
354 . 0068 .0018 .0014 2.089 2. 1114 2.16 8. 848
419 , 0085 L0012 . 00140 2.093 2. 111 2.16 10.5
425 . 00R7 L0012 . 0010 2,095 2. 111 2.16 10.7
490 L0112 L0011 . 0010 2.097 2.111 2.16 12.3

Recovery
Time
(Hours)

0 L0120 L0011 . 0010 2.097 2. 1141 2.16

2 .0115 . 0010 . 0009 2.097 2. 111 2.16

6 L0105 . 0007 . 0009 2.097 2. 111 2.16
24 . OORY . 0004 . 0008 2.093 2. 111 2.16
48 . 0055 . 0003 . Q006 2. 091 2,114 2. 16
72 . 0045 . 0003 . 0005 2. 091 2.1 2.16
96 . 0035 L0003 . 0g05 2.089 2,411 2.16
168 . 0023 . 0003 . 0004 2.087 2,111 2.16
192 L0021 . 0003 . 0004 2. 087 2. 111 2.16
216 L0019 L0003} . 0004 2. 0R7 2. 141 2,16
2.40 L0016, 0003, 0004 2. 087 2,111 2,16
2h4 . 0015 . 0003 L0004 2. 087 2.111 2.16
336 . 0009 . 0002 . 0003 2. 087 2. 111 2.16
360 . hooa . 0002 . 0003 2.0R7 2118 2. 16
384 . 00006 . 0002 . 0003 2. 0R7 2.1 2.16
504 . 0002 . 0002 . 0003 2.087 2. 114 2.16

*510 .019 . 070 . 026 2.097 2.279 2.20
528 .016 . 096 . 062 2,097 2.263 2,24
552 L 014 . 080 . 084 2.097 2.203 2. 27
600 .0t0 . 057 . 065 2.097 2,183 2,22
744 . Q0RS . 039 . 045 2.095 2. 175 2. 21
1032 . 0076 . 034 L 042 2.093 2.143 2.19
1104 . 0073 . 033 . 042 2.093 2144 2. 19
1248 . 0069 . 031 . 040 2,093 2,144 2. 19
1416 . 0065 . 029 .039 2. 091 2.4 2.19
1920 . 0050 .023 .036 2.0914 2.139 2.19

»

-~ Recovery through 504 hours in vacuum; subsequent data obtained

in dry nitrogen at atmospheric pressure.

Blank
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Table 2, TFE-7 Vacuum X-Ray Exposure and Recovery Data, 1 kec.

A - 30-mi) akived {ilm,
B - 30-mil machined.

G - 125-mil machined,
Dissipation Factor Diclectric Constant
Kxposure 0 T - Absorbed
Time Dose
(Hours) A B [ A B C {(Mrads)
0 . 0003 L0003 . 0003 2,081 2,099 2.10 0
6 . 0003 . 0064 L0145 2. 081 2.108  2.15 .45
22 . 0003 . 0085 L0148 2.084 2.107 2,47 .54
28 . 0003 L0105 . 020 2. 083 2,111 2,16 .70
47 . 0003 . 0088 .016 2,085 2. 414 2,145 1,18
54 . 00013 . 0085 .015 2.085 2. 115 2,145 1, 3¢
K§! , 0003 . 0072 .010 2.085 2,111 2.15 1.78
78 . 0003 . 0065 . 009 2,085 2,414 2. 15 1.96
94 . 0003 . 0063 . 0048 2.085 2. 111 2,45 2,36
102 L0003 L0047 L0044 2,085 2.109 2,15 2.51
166 . 0003 L0017 . 0017 2,085 2.109 2.15 4,16
173 . 0003 . Dots . 0016 2,085 2.109 2.15 4. 34
190 L0003 L0044 L0015 2.085 2,409 2,16 4,77
197 . 0003 . 0013 , 00145 2.085 2,109 2,16 4,94
214 . 0004 L0012 . 0014 2.037 2.109 2. 16 5.37
221 L0004 L0012 L0014 2,087 2,109 2,16 5.55
235 . 0004 . 00114 L0014 2. 087 2,109 2. 16 5.90
257 . 00006 .ovt0 L0012 2. 087 2,109 2.16 6.45
324 . 0009 . 600% . 0009 2,087 2.109 2. 146 8.14
329 . 0009 . 0005 L0004 2,087 2,109 2.146 B. 26
346 . 0010 . 0005 . 0008 2,087 2, 109 z2.16 8. 68
354 . 0010 L0004 L0008 2.087 2. 109 2.16 8. 88
419 L0015 L0004 . 0008 2.087 2.109 2. 16 10.5
425 L0015 . 0004 . 08 2,087 2.109 2.16 10.7
490 L0013 . 0004 . 0008 2. 087 2.109 2.46 12,3
Recovery
Time
_{tlours)
0 .00i8 L0004 .0008 2. 087 2,111 2,16
2 L0018 L0002 . 0008 2.087 2,111 2.16
6 L0017 . 0002 . Q008 2,087 2. 141 2.46
24 , 0013 . 0002 . 0008 2. 087 o111 2.16
48 L0010 . 0002 L0008 2,087 2,404 2,16
72 L0009  .0002 0008 2.08% 2,414 2,16
96 . 0008 . 002 . 0008 2,085 2. 1141 2,16
168 . 0006 .00z .COO0R 2,085 2,911 2,16
192 , 0005 . 0002 .ooos 2,085 PAERE! 2,16
216 . ooos L0002 L 0ong 2,085 2. 1141 2.16
240 . uoo4 . 0002 . 0008 2.085 2. 111 2.16
264 . D003 , 0002 L0008 2,085 2.111 2,16
336 . 0003 . 0002 . 0008 2,085 2,114 2,16
360 . 0003 . 0002 .0oog 2,085 2. 111 2.16
384 . 0003 . 0002 . 0008 2.085 2. 111 2.16
504 . 0002 . 0002 . 0008 2,085 2, 1114 2.16
*510 . 0020 L 01d L0056 2.085 2.123 2.16
528 . 0025 L0158 L0114 2,085 2.123 2.16
562 . 0020 041 L 015 2.087 2.117 2,16
600 L0016 . 0084 L 010 2,087 2. 117 2,16
744 L0013 . 0060 L0075 Z.087 2.415 2. 16
1032 L0012 L0049 , 0070 2.087 2.1145 2.16
1104 L0012 L 0045 . 0069 2.087 2.415 2.16
1248 L0041 L0042 . D066 2.087 Z.115 2. 16
1416 L0011 L0040 . 0065 2.087 2,115 2. 16
1920 ° . 0009 L0655 . 0058 2.087 2,115 2.16

* - Recovery through 504 hours in vacuum; subsequent data obtained
in dry nitrogen at atmospheric  pressure.
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Table 3. TFE-7 Vacuum X-Ray Exposure and Recovery Data, 10 kc.

A - 30-mil skived [ilm,
B - 30-mil machined.
C - 125-mil machined,

Dissipation Factor Dielectric Constlant
Exposure - - Absaorbed
Time Dose
(Hours) A B C A B C (Mrada)
o . 0003 . 0003 . 0003 2,081 2.099 2.10 0
6 . 0003 .o008 L0021 2,081 2.104 2.14 .15
22 . 0003 L0012 . 0029 2.081 2.105 2.15 .54
28 . 0002 L0013 . 0030 2,083 2.105  2.15 .70
47 . 0002 L0044 . 0025 2,083 2.10% 2.14 1.18
54 . 0002 L0014 . 0023 2.083 2.105 2.14 1.36
14! . 0003 L0012 . 0018 2.083 2.105 2.14 1.78
78 . 0003 L0011 . 0016 2.083 2.105 2.14 1.96
94 . 0003 . 0008 L0012 2.083 2.105 2,14 2.36
102 . 0003 . 0007 . 0010 2.0R3 2.105 2.14 2,51
166 ., 0003 . 0003 . 0007 2,083 2,105 2,14 4.16
173 . 0003 . 0003 . 0007 2,083 2,105 2.14 4.34
190 , 0003 . 0003 . 0007 2.0383 2.107  2.15 4,77
197 . 0003 L0003 . 0007 2.085 2,107 2.15 4.94
214 . 0003 . 0002 . 0007 2,085 2.107 2.15 5,37
235 . 0003 . 0002 . 0006 2.085 2,407 2,18 5.90
257 . 0003 . 0002 . 0006 2,085 2.407 2,15 6. 45
324 . 0004 . 0002 . 0005 2.085 2. 107 2,15 8.14
329 . 0004 . 0002 . 0005 2,085 2,107 2.15 8.26
346 . 0004 . 0002 . 0005 2,085 2.407 2,15 8.68
419 . 0004 . 0002 . 0005 2,085 2,107 2.15 10.5
425 . 0004 . 0002 . 0005 2.085 2.107 2. 15 10.7
490 . 0004 . 0002 . 0005 2,085 2. 107 2,15 12.3
Recovery
Time
_Lﬂoura)
0 . 0005 . 0002 . 0005 2.085 2,109 2.15
24 . 0005 . 0002 . 0005 2,085 2,109 2.15
48 . 0004 . 0002 . 0005 2,085 2,109  2.15
72 . 0004 . 0002 . 0005 2,085 2.109  2.15
96 . 0004 . 0002 . 0005 2,085 2.109  2.15
168 . 0004 . 0002 . 0005 2.083 2.109  2.145
192 . 0004 . 0002 . 0005 2.083 2.109  2.15
246 . 0004 . 0002 . 0005 2.083 2,109 2,15
240 . 0004 . 0002 . 0005 2.083 2.109  2.15
264 , 0004 . 0002 . 0005 2.083 2,109  2.15
336 . 0004 . 0002 . 0005 2.083 2.109 2,15
360 . 0004 . 0002 . 0005 2,083 2.109 2,15
504 . 0004 . 0002 . 0005 2,083 2.109 2.15
*510 , 0005 L0024 , 0013 2.085 2,109 2.145
528 . 0007 . 0022 . 0023 2.085 2.109 2.15
552 , 0006 L0015 . 0025 2.085 2,109 2. 15
744 , 0005 .00c8 . 0016 2.085 2.109 2.15%
1248 . 0004 . 0008 . 0014 Z.085 2,409 2.15
1920 . 0004 , 0007 . 0012 2.085 2,109 2.15

* - Recovery through 504 hours in vacuum; subsequent data obtained
in dry nitrogen at atmospheric pressure.
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Table 4, TFE-7 Vacuum X-Ray Exposure and Recovery Data, 100 ke,

A = 30-mil skived film,
13 =~ 30-mil madchined,

C - f25-milt machined.
Dissipation Faclor Dielectric Constant
Exposure - ) o DR TTOTUTTTTTTTT T Absorbed
Titne Dose
{Hours) A ) [ A B C {Mrads)
0 . 0002 L0002 . 0002 2. 081 2.N97 2. 09 0
6 L0002 . 0002 . 0007 2. 081 Z2.099 2.14 .15
22 . 0002 L0002 . 0010 2. 084 2. 105 2.15 .54
28 . 0002 L0002 L0041 2. 081 2,105 2.15 .70
47 L0002 L0002 L0012 2.083 2,105 2, 14 1.18
54 . 0002 L0002 L0012 2.083 2,108 2, 14 1.36
71 . 0002 L0002 L0010 2. 083 2, 105 2. 14 1.78
78 . 0002 L0002 . 0010 2,083 2.105 2. 14 1.96
94 . 0002 L0002 L NODK 2. 083 2.108 2. 44 2,16
0l L0002 L0002 . 0007 2,083 2,105 2. 14 2,51
166 . Q002 L0002 . 0006 2. 083 2. 105 2. 44 4,16
173 L0002 L0002 . 0006 2.081% 2,105 2.14 4. 34
{90 . 0002 . 0002 . 0006 2. 083 2. 107 2,15 4,717
197 . 0002 . 0002 . 0006 2,085 2,107 2.15 4,94
214 . 0002 L0003 . 0005 2,085 2. 107 2.145 5. 37
235 L0002 L0003 . 0004 2,085 2,107 2.15 5.90
257 . 0002 L0003 . 0004 2, 085 2.107 2.15 6. 4%
324 . 0002 L0003 L0004 2. 085 Z.107 P2 i) 8. 14
329 . 0002 L0003 . 0004 2,085 2,107 2,15 8.26
346 L0002 0003 . 0004 2. 08% 2. 107 2,15 8.68
419 . 0002 L0003 L0004 2. 085 2. 107 2.45 10,5
A25 L0002 L0003 L 0O 2. 085 4.107 .15 10. 7
490 .00z .oaotd L0004 2. 084 4.107 2,15 12.3
Recovery
'l.il‘l(‘
{Hourg)
V] L0003 L0002 . 0004 2. 085 2,109 2. 15
24 . 0003 L0002 . 0004 2,085 2.109 2.15
18 . 0003 L0002 L0004 2,088 2.109 2. 15
72 . 0003 . 0002 . 0004 2,085 2.109 2.15
96 Lu0ol L0002 L0004 L, 085 2. 109 2. 15
168 . 0003 L0002 . 0004 2,083 2.109 2.15
192 L0003 . 0002 . 0004 2,084 2. 109 2.15
216 L1003 L0002 L0004 2.083 2,109 2. 15
240 L0003 L1002 . 0004 2,083 2.109 2.15
L0 . 0003 L0002 . 0004 2,083 2.109 2.15
336 L0003 L0002 . 0004 2.083 4.109 2.15
360 L0003 L0002 L0004 2,083 2,109 2,15
504 . 0003 L0002 . Q00 2,081 2.109 2,15
510 . 0003 L0002 . 0004 2. 085 2.109 2,15
SZH L0004 L0003 . 0005 2,085 2. 109 2.15
592 . 0004 L0004 . 0009 2,085 2,109 2. 15
T4 . Q004 L0004 L0007 2. 085 2,109 2.15
te48 L0004 L0004 . 0005 2,085 2.109 2. 45
1920 . 00u4 L0004 . 0005 2,085 2,109 2.15

¥ - Revovery through %04 hours in vacuum, subsequent data obtained
in dry nitrogen at alimospheric pressure,
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Table 5. TFE-7 Vacuum X-Ray Exposure and Recovery Data, 100 cps.

Bxposure
Titme
AHours)

23

3

47

73

85
168
192
215
242
266
336
360
384
408
503
552
597
668

Recovery
Time
AHours)

24
T2
96
168
2h4
360
480
840
224
1320
*{325
1344
1368
1416
1488
1542
1560
1584
1656
1728
1752
1824
1848
1896

. 030
. 025
. 022
. 018
V017
V0id
. 0097
, 0086
. 0078
, 0045
. 0039
L0038
L0038

. 0034
L0017
L0015
. 0015
L0014
. 0014
L0013
. 0009
. 0007
. 0007
. 027
. 057
. 072
L0563
L 042
042
. 038
.0138
.035
.034
L0334
L0344
L0338
L 026

A.2 Sintered in aiv, EH()”C, 2 honrs,
< hours,

N-2 Sintered in nitrogen,
A-16 Sintercd in air,

380uC,

3gooC,
16 hours,

N-106 Sintered in nitrogen, 380°C, 16 hours.

N-2

. 0005
. 0008
L0011
. 0008
. 0006
L0011
L0031
.01
L 026
. 031
L0314
.04
.034
.033
. 032
028
028
024
. 020
. 020

.018
L0118
L0117
. 016
.014
.013
.013
. 0095
. 0067
L0067
L0160
. 0280
. 0390
. 050
L0633
L 063
L0061
. 055
. 043
. 040
.039
. 037
L0306
.030

___Dissipation Factor

AL

. 0005
. 054

. 036

. 029

L0214

.012

. 0095
L0032
. u0La
BULTA
.0018
L0017
L0043
L0043
L0013
L0043
L0043
L0013
L0013
, 0013

L0013
L0013
L0013
L0043
L0013
L0012
L0011
. Q010
L0012
L0015
L0414
.032
. 046
. 069
120
120
120
.120
148
N
RN
i
L
093

Dielectric Constant

_N-16

. 0005
L0023
L0047
. 0065
L0097
. 015
L0i7
.06
L0186
017
L0t
.017
.06
.01 4
L0412
0f1
L0072
. 0066
. 0061
. 0055

0038

L0031
. 0028
. 0023
L0022
. 0022
. 0022
L0016
.0M6
. 0019
. 0058
. 00Yy7
L0125
L0145
L0173
L0180
. 0190
. 0195
. 020

. 020

. 020

. 020

L0195
. 0180

* - Recavery through 1320 hours in vacuum.

1320 hours to 1848 hours in dry nitrogen at atimospheric pre

1848 hours to 1896 hours in air,

2.175
. 205
. 205
195
. 195
. 195
175
175
. 175
175
175
175
175
175
175
175
{175
175
175

[ O I i O O N N T N R Y N YV

475
175
475
475
175
175
175
i75
175
175
. 200
. 230
2559
. 245
L 245
L2415
. 215
. 210
195
. 190
. 190
. 190
. 190
180

[TV U i N o P N VI U Vi VIE Vi N W VI SV N .V VW

NEAMNMMNMNAONNNMNMONOIN NS N

AN NMNNNONNNMNMNNNAONNNNN N NN

N~

43

i3
13
13

.3
.3

13
13

.13
.13

14
14
i7
i8
i8
19
19
i8
17
15
14
14
14
13

BRUTE,

A-t6_

. 190
200
200
200
200
i90
130
190
190
190
190
190
190
190
190
190
190
190
190
190

DA NNIMNNN VNN NN

N
22
IR=)

D
L]

L
o
=]

NN NMNNENSNNNNIM NN NN DD
~
w
(=]

_N-t6

2,210
2,210
2,210
2,210
2,210
2.210
2,210
2. 210
2. 210
2,220
2.220
2.220
2.220
2.220
2,220
2.220
2,220
2.220
2,229
2.240

2,220
2,220
2,220
2,220
2,220
2,220
2,240
2.220
2,220
2,220
2,220
2.225
2.225
2.230
2.230
2,235
2.235
2. 240
2.240
2,235
2,235
2.230
2.230
2.230

Abaarhed
Dose
(Mrads)_

DOV P OU L BN

[P
= a R VI
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Table 6. TFE-7 Vacuum X-Ray Exposure and Recovery Data, 1 kc.

A-2 Sintered in air, 380°C, 2 hours.

N-2 Sintered in nitrogen, 380°C, 2 hours,
A-16 Sintered in air, 380°C, 16 hours,
N-16 Sintcered in nitrogen, 3809°C, 16 hours.

Dissipation Factor __Dielectrie Constant

Exposure - - - '7/ Absorbed
Time Dose
(Hours) A-2 N-2  A-16  N-1b A-2 N-2 A-16  N-16 _(Mrads)
0 . 0004 . 0004 L0004 L0004 2.165 2.12 2. 190 2,205 0

7 . 0047 . a010 .0078 L0014 2. 165 .12 2.190 2.205 .18
23 . 0084 . 0010 . 0048 L0017 2.165 2.12 2,190 2,205 .58
32 . 0096 . 0010 .0038 . U019 2,465 2.12 2.190 2,205 . 80
47 , 0090 . 0011 . Q026 L0022 2,165 2.12 2.190 2,205 1.18
73 . D082 .0013 L0018 . 0028 2.1465 2,12 2.190 2,205 1.83
85 . 005y . 0015 .0015 . 0029 2.165 2.12 2. 190 2. 205 2.13
168 .0038 . 0036 L0010 .0028 2. 165 2,12 2. 190 2,205 4,22
192 . 0032 . 0042 . 0010 . 0028 2,165 2.12 2. 190 2,205 4,83
245 . 0031 . 0047 . 0010 .0028 2.465 2,12 2.190 2.210 5. 40
242 . 0030 . 0051 . 0010 . 0029 2.165 2. 12 2.190 2,210 6,08
266 . 0030 . 0052 . 0009 .0030 2,165 2.42 2.190 2,210 6.67
336 . 0030 . 0062 . 0008 L0030 2.165 2. 12 2,190 2.210 8, 44
360 . 0029 . 0051 . 0008 . 0029 2. 165 2,13 2,190 2,210 9.03
384 , 0027 . 0050 .0oo08 L0027 2,165 2,43 2.190 2.210 9. 64
408 . 0024 . 0045 .0008 . 0025 2,465 2. 13 2,190 2,210 10.2
504 L0017 L0041 L0008 L0018 2,465 2,13 2,190 2,210 12.6
552 . 0017 . 0040 . 0008 L0018 2,465 2.13 2.190 2,210 13.8
597 L0016 . 0039 . 0008 L0048 2,165 2. 11 2. 190 2.210 15.0
668 . 0009 L0018 . 0008 .0018 2,165 2. 13 2.190 2,210 16.7
Recovery
Time M
(Hours)
24 . 0007 . 0036 . 0003 .0018 2. 165 2. 12 2.190 2.210
12 . 0007 L0034 . 0003 L0014 2,165 2. 142 2.190 2.210
96 . apO7 . 0032 . 0003 L0013 2.165 2.32 2.490 2,210
168 . 0008 . 002y . 0003 L0014 2,565 2,42 2.190 2,210
264 . 0n0yY L0027 . 0003 . 0009 2.165 2,42 2,190 2,240
360 L0042 L0027 .0003 . 0008 2,165 2,42 2.190 2,210
180 L0014 L Do27 . 0003 . 0007 2.165 Z.12 2.190 2.210
840 . 0015 . 0018 . 0003 . 0006 2.165 2,12 2.190 2,210
1224 L0011 . 0011 . 0009 . 0007 2,165 2,42 2.190 2,210
1320 . 0010 L0010 . 0009 . 0008 2.165 2,42 2. 190 2.210
*{ 325 . 0070 . 0039 . 0016 .0018 2,575 2. 13 2,200 2,240
1344 LO0HS . 0069 . 0085 , 0027 2. 180 2. 14 2.200 2,210
1368 . 0110 . 0089 L0160 . 0036 2,220 2.13 . 200 2,210
1416 . 0070 . 0106 . 0155 . 0036 2,215 2. 13 2,400 2,220
1488 L0070 L0148 . 0220 . 0045 2. 205 2. 43 2.210 2,220
1542 . 0069 L0145 . 0235 . 0044 2.185 2. 13 2,215 2.225
1560 . 0068 L0107 . 0255 . 0042 2,185 2.13 2, 215 2,225
1584 . 0068 . 0100 . 0250 . 0040 2. 175 2.13 2,215 2,225
1656 . 0064 . 0084 L0215 . 0033 2,470 2. 12 2, 200 2,225
1728 L0058 . 0072 L0195 . 003t 2. 170 2. 12 2. 200 2.220
1754 . 0058 . 0070 L0190 . 003t 2,165 2,12 2,200 2,220
182+ . 0054 . 0065 . 0185 . 0031 2.16% 2. 12 2,200 2,220
1848 . 0054 . 0061 . 0185 . 0030 2.165 2,12 2,200 2.220
1896 L0042 . 0048 0215 . 0025 2.16% 2.12 2.200 2.220
* - Recovery through 1320 hours in vacuum,

1320 houry to 1848 hours in dry nitrogen at atmosperhic pressure,
1848 hours to 1896 hourg in air,
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TFE-7 Vacuum X-Ray Exposure and Recovery Data, 10 kec.

Esxposure
Time
_{Houras)

192
215
242
266
336
360
384
408
503
552
597

668

Recovery
Timoe
{Hours)

24
72
96
168
264
360
480
840
1224
1320
*1325
1344
1368
1416
1488
1512
1560
1584
1656
1728
1752
1824
1848
1896

Diswipalion Facior

A2
N-2
A-d
N-1

6 Sintered in air,
6 Sintered in nitrogen, 380°C, 16 hours.

Sintcred in air, 380”C, 2 hours.
Sintered in nitrogen, 380°C, 2 hours.

380°C, 16 hours.

Dielactric Constant

A-2

. 0004
. 0013
. 0016
. 0019
. 0016
. 0014
. 0010
. 0010
. 000
. 0010
. 0010
. 0009
. 0009
. 0008
. 0008
. 0008
. 0008
. 0008
. 0008

. 0007
. 0007
. 0007
. 0007
. 0005
. 0004
. 0004
. 0004
. 0004
. 0004
. 0014
. 001y
. D020
. 0020
. 0015
. 0014
. 0043
. 0012
L0011
. 00114
. 0014
L0014
. 0011
. 0006

N-2

. 0004
. 0001
. 0001
, 0001
. 0002
. D00S
. 0010
L0011
L0011
L0043
L0018
L0024
. 0021
. 0019
L0046
L0013
L0013
L0011
L0010

. 0010
L0040
. 0010
. 0010
. 0009
. 0008
. 0006
. 00006
. 0007
. 0007
. 0015
.0utb
. 0024
. 0021
, 0019
.0018
. 0017
, 0016
. 0013
. 00113
L0043
L0012
L0012
. 0010

A-16

. 0004
. 0019
.0o0i5
.0012
. 0008
. 0003
. 0007
. 0007
. 0007
. 0007
. 0007
. 0005
. 0005
. 0005
. 0004
. 0003
. 0003
. 0003
. 0003

. 0003
. 0003
. 0003
. 0003
. 0003
. 0003
. 0003
. 0003
. 0005
. 0005
.0o10
L0047
L0018
L0056
. 0015
. 0045
. 0014
. 0014
. 0013
. 0012
. 0012
0012
. 0012
. 0010

N-16

. 0004
. 0006
. 0007
. 0007
. 0009
. 0010
. 0008
. 0008
. 0008
. 0007
. 0007
. 0007
. 0007
. 0007
. 0007
. 0007
. 0007
. 0006
. 0006

. 000%
. 0005
. 0005
. 0005
. 0ovs
. 0005
. 0005
. 0005
. 0004
. 0004
. 0005
. 0006
, 0008
L0011
L0012
L0041
. 0010
. 0009
. 0006
. 0005
. 0005
. 0004
. 0004
. 0004

* - Recovery through 1320 hours in vacuum,

1320 hours to §848 hours in dry nitrogen at atmospheric pressure,

1848 hours to $896 hours in air.

A-2

N VNN NN N B

NN

2

NANNNMNMNMNNMNMNMNMNSMR D NNN

.165

165
165
165
165
165
165
165
165
165

. 165

165

. 165
165

165
165
165

. 165
. 165

165
165
165
165
165
165
165
165
165
165
170
175
175
175
170
170
170

L 170

165
165

. 165
. 165
. 165

165

N-2

2.12
2.12
2.12
2. 12
2.42
2,12
2,42
2.12
2,12
2.42
2.12
2. 12
2,12
2. 12
2.12
2.12
2.12
2,12
2,12

2.4
2,12
2,12
2.12
2.12
2,12
2,42
2.12
2,12
2.12
2. 12
2,143
2.13
2,13
2.13
2,13
2.13
2,13
.13
2.13
2.43
2.13
2.13
2.13

A-16

2.190
2.190
2.190
2.190
2.190
2.190
2.190
2,190
2,190
2,190
2,190
2.190
2.190
2.190
2,190
2,190
2.190
2,190
2.490

2,190
2,490
2,190
2.190
2.190
2,190
2.190
2.190
2,190
2,190
2.190
2.190
2.190
2.190
2.195
2.195
2.195
2.195
2.190
2.190
2.190
2,190
2.190
2.190

N-16

2,205
2,205
2,205
2,205
2,205
2.205
2,205
2,205
2,205
2,205
2.205
2,205
2,205
2.205
2,205
2,205
2.205
2.20%
2.205

2, 205
2.205
2,208
2,205
2,205
2,205
2,205
2,205
2,20%
2,205
2,205
2,205
2.205
2.210
2.210
2.210
2.210
2,450
2.210
2.205
2,205
2.205
2.205
2.20%

Absorbed
Dosc

(Mrads)

[4
.58
. 80
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TABLES

Table 8. TFE-7 Vacuum X-Ray Exposure and Recovery Data, 100 kc.

Dissipation Faclor

A-Z Sintered in air,
N-2 Sintered in nitrogen, 3B09C, 2 hours,

380°C, 2 hours.

A-16 Sintered in air, 380°C, 16 hours.
N-16 Sintered in nitrogen, 3809C, 16 hours.

Exposure
Time
_Hours) A-2
0 . 0004
23 L0041
32 . 0010
47 . 0008
73 . 0007
85 . 0007
168 . 0007
192 . 0007
215 . 0007
242 . 0007
266 . 0007
336 . 0005
360 . 0005
384 . 0005
408 . 0005
503 . 0005
552 . 0005
597 . 000s
668 . 0005
Recovery
Time
{(Hours)
24 . 0005
12 . 0005
96 . 0005
168 . 0005
204 . 0005
360 . 0005
480 . 0005
840 . 0005
1224 L0005
1320 . 0005
*1325 L0011
1344 .0012
1368 L0013
1416 .0013
i488 L0012
1512 L0011
1560 L0011
1584 . outo
1656 L0010
1728 . 0010
1752 . 0009
1824 . 0009
1848 . 0009
1896 . 0006

N-2

, 0004
. ooos
. 0007
. 0007
., 00a7?
. 0007
. oons
. 0008
. 0008
. 0008
. 0008
. 0008
. 0008
. 0008
. 0008
. 0008
. 0008
. 0008
. 0008

. 0008
. 0008
. 0008
. 0008
. 0008
. 0007
. 0006
. 0006
. 0006
. 0006
. 06009
. 0012
. 0015
. 0015
L0013
0012
L0012

(U0} 4
L0011
L0044
. 0010
. 0010
. 0010
. 0009

A-16
0064
L0014
. 0009
., 0006
. 0005
. 0005
, 0005
. 0005
, 0005
, 0005
. 0005
. 0004
. 0004
. 0004
. 0004
. 0004
. 0004
. 0004
. 00044

. 0004
. 0004
. 0004
. 0004
. 0004
. 0004
. 0004
. 0004
. 0004
. 0004
. 0009
. 0040
. 0012
. 001t
L0041
. o010
. 0010
. bato
. bua9
. bong
. D009
. 0008
. 0008
. 0007

N-16

. 0004
. 0004
. 0002
. 0002
. 0002
.0002
. 0004
. 0005
. 0006
. 0007
. 0007
. 0007
.qou7
. 0007
. 0007
.Qvo7
. Q007
. 0007
L0067

. 0007
. 0007
. 0007
. 0007
. 0007
. 0007
. 0007
. 0007
. 0007
. 0007
. 0008
.0008
. 0008
. 0008
. 0008
.0008
. 0008
. 0ooy
. 0007
. 0007
. 0007
. 0007
. 0007
. 0007

¥ - Recovery through 1320 hours in vacuum,

£320 hours to 1848 hours in dry nitrogen at atmospheric pressure.

1848 hours to 1896 hours in air,

Dielectric Conatant

. 165
.165

2
z
2
2. 164h
[
2
2,165

165
165
165
165
165
165
165
165
165
165
170
175
175
175
170
170
170
170
165
165
165
165
2,165
2,465

F T I N R N R R S R N S N SR N R

N-2

2.12
2.12
2,12
2,12
2.12
2,12
2. 12
2,12
2,12

- -
N

&N

~

-
-

- Absorbed
Dose

A-16 N-16 {Mrads)
2,185 2,205 0
2,185 2,208 .58
2.185 2,205 . 80
2.185 2,205 1,18
2,185 2,205 1.83
2,185 2.205 2,13
2.185 2,205 4,22
2,185 2,205 4,83
2,185 2,20% 5.40
2.185 2,208 6.08
2.185 2.205 6.67
2.185 2.205 8. 44
<. 185 2,205 9.03
2.185 2.20% 9.64
2.185 2,205 10.2
S. 185 2,205 i2.6
2,185 2.208% 13.8
2,185 2,205 15,0
A 185 2,205 16.7

185
185
185
185
185
185
185
185
185
185
.185
185
185
185
190
190
190
. 190
190
190
.190
.190
2,190
2.190

NMNMNMNNNMNNNMNNMNNMNNMNNMNIMENDNNNNNDN

. 205
. 205
. 205
. 205
205
205
205
205
205
205
295
. 205
.205
. 210
210
210
. 240
210
210
. 205
. 205
.20%
. 205
2,205

MNNENNNMNONMNMNNRENNNN NN NN
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APPENDIX I.

~

SUMMARY OF TESTS ON MULTICONDUCTOR CABLE CONNECTORS

1. Specimens,

Six cable connectors manufactured by the Bendix Scintilla
Division, Sidney, New York were furnished by the Bendix Systems
Division, Ann Arbor, Michigan. The connector parts were identified
as follows:

SPOOCE-20-415
SPO6CE-20-41P(SR)

Five connectors were wired and assembled by the Bendix
Field Engincering Corporation, Baltimore, Maryland. The sixth
connector was disassembled and the rubber insert was cut into

sections to serve as weight-loss specimens.

A 6-inch length of wire (MIL 16878, 22AWG, Teflon Insulated)
was connected to ecach pin, and the leads to pins A, C, E, G, J, L,
N, R, T, V, ¥, a, ¢, e, g, i, m, p, r and t were connected to a
common high-voltage terminal. The remaining leads were connected
to a common ground terminal either directly or through a Keithley

Model 410 micromicroammeter, as described below.
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2. Tests.

{a) Insulation Resistance.

Resistance measurements were made between the common
terminals using a Keithley Model 410 micromicroammeter. Since
alternate pins were connected to opposite terminals, these measure~

ments indicate the overall insulation resistance of a mated connector.

(b) High-Voltage Performance.

The 60-cps corona starting voltages and breakdown voltages
were determined by connecting one of the common terminals to a
high-voltage lcad while the other common terminal was grounded.
The connector shell was connected to the grounded terminal. Corona
wasg detected by inserting a 100 ohm resistor in the ground side of
the circuit and monitoring the voltage across this resistor with an
oscilloscope. The applicd voltage was manually increased from zero

to maximum in approximately 30-seconds.

Failures could occur between adjacent pins and between the
connector shell and those pins that were connected to the hiph-voltage

terminal.

3. Exploratory Mcasurements,

Since the number of specimens was so limited, several
exploratory mcasurements were made on one mated connector,
designated Specimen f#4. Table I shows the measured values of
resistance after a 5-minute electrification at each of geveral vol-
tages in the range {from 46 to 640 volts. At the end of 30~seconds of
electrification, values were obtained that were within 10% of the
values shown in Table I. Measurements made with reversed polarity
yielded the same values of resistance. A voltage of 180 volts was

selected for all subsequent measurements.
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In a vacuum of approximately 1 x 10-5 torr, at room
temperature the resistance of Specimen #1 increased from 7. 12x109
to 1.56x1010 ohms after 64-hours of exposure. When the temperature
of the connector was increased to 65°C the insulation resistance
decreased rapidly to a minimum value of 2, 88:{107 ohms and then
slowly increased during a 7-hour period to a value of 4. 1x107 ohms.
The detailed data are given in Table II. After cooling to room
temperature, the cycle was repeated and these results are also given
in Table II, It can be seen that the transient cffect was moderated
during the second run, but the overall behavior was similar to that
observed during the first exposure, In both cases the heater was
turned on at zero titne and an equilibrium temperature of about

65°C was reached after 30-minutes,

After 24-hours of cxposure at 65°C in the vacuum chamber,
x-ray irradiation was introduced. The data are given in Table III,
where it can be seen that the gradual increase in resistance that had
been evident before the introduction of x-rays, continued during the
150-hour exposure period. This indicates that the irradiation had no

significant effect on the insulation resistance.

At the end of the 150~hour exposure period, the voltage was
increased to 640-volts and the insulation resistance was the same as

that measured at 180~volts,

A 60-cps high-voltage test was then conducted, using a
100 ohm resistor on the grounded side to provide a signal which
could be monitored with an oscilloscope to determine the corona
starting voltage. Corona was detected at an applied voltage of
1000 volts rms and a brcakdown occurred after two minutes of vol-
tage application. The connector was removed from the cell and
opened for inspection. The breakdown had occurred at the interface
of the connector insulators between pins N and P, where N had been

connected to the high-voltage. The leads to thesc pins were removed
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from the common terminals and the connector was again placed in
the vacuum chamber. After 39-hours at 65°C the insulation resis-

tance was the same as it had been at the end of the previous run.

A second high-voltage test again resulted in corona at
about 1000 volts rms. A breakdown occurred between pins L and M,
where L was connected to the high-voltage. Arcing also occurred

between K and L but a complete track was not formed,

These exploratory measurements provided the information

required to set up a long-time test on the four remaining specimens,

4. Long-Time Tests,

Specimens 2, 3, 4 and 5 were placed in the vacuum chamber
in a horizontal position, onc above the other, with their axes in a
plane perpendicular to the x-ray beam and approximatcly 44 cm from
the x-ray target. From top to bottom the order was 2, 3, 4, 5. In
each case pin L was closest to the front of the chamber, toward the
beam. The sliced rubber insulator segments were hung on bare
hook-up wire just above connector #2. Thermocouples were attached
to each connector shell and one was placed approximately 1/8-inch
in front of the connectors between specimens 2 and 3, A thermistor
used in the thermostatic control circuit was also placed at this same
location. An incandcscent lamp which served as a heat source was
located at the front of the cell, approximately 20 cm from the speci-

mens,

The x-ray generator utilizes a Machlett AEG-50 tube with a
tungsten target operating at 50 KV pcak, 50 ma, The equivalent
carbon dose rate in the plane of the specimens was about 0.1 mega-

rads per hour,

The chamber was pumped down over a 64-hour period to
reduce the amount of outgassing that was expected when the ternpera-

turc was incrcascd, In spite of this long initial pump-down period,
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when the specimens were heated the pressure increased from 1x10-5
torr to 1x10~4 torr and did not drop to 5x10"5 torr until 7-hours of

heating had elapsed.

After one hour of heating, Specimen #5 was tested for 60-cps

corona starting voltage, which was determined to be 1200 volts rms,

The insulation rcsistance data obtained during a 344-hour
exposure period are given in Table IV, The minimum values
occurred at approximately 4 1/2-hours after heating began. The
average temperature of the group of connectors was 63 % 29C, while

each connector temperature was maintained constant within 1°C,

Slight temperature fluctuations proved to be important during
the pcriod when the insulation resistance was slowly increasing., It
appeared that the temperature cocfficient of resistance was -10 to

-15% per degrec Centigrade in the temperature range near 65°C,

It will be noted that after 344-hours the insulation resistance
in each case is about two decades lower than the room temperature
value and increasing very slowly, As mentioned previously, this
behavior is caused by the temperaturc increase rather than the x~ray

irradiation.

The 60-cps corona starting voltage was measured at 344-hours

for eachconnector. In all cases corona was detected at about 700
volts rms and complete breakdown occurred at about 2500 volts rms,
Table V indicates the location of the complete and partial failures for
each connector. It should be menticned that a sustained voltage of
700 volts caused detcctable corona but did not lead to a complete
hreakdown after several minutes. It was necessary to increase the

applied voltage to obtain a breakdown.,

After the high-voltage tests were completed, the cell was
opened and the connectors were inspected. In each case it was
difficult to uncouple the mated connectors because of adhesion of the

rubber insulator in one body to its counterpart in the other body.




78 APPENDIX I

Weight measurcments were made on one rubber insert that
had been sliced into three pieces, This insert consists of two parts
which are bonded to form a single piece. The inscrt that separates
the pins is a black rubber, while the opposite end that separates the
wires is a brown rubber which has a wax-like feel. The three weight-
loss specimens are identified as black, transition and brown to indi-
cate the section of the insert from which they were taken. Table VI
shows the percentage loss in weight after the 344-hour exposure and
at various intervals during subsequent storage at laboratory condition.
The nominal weights of the three specimens were: black 10 gms,

transition 3 gms, and brown 7 gms.

The data show that both materials exhibit significant weight
losses which are only slightly affected by storage at laboratory

condition for 24-hours.

The data of Table VI show that both rubber compositions
exhibit significant weight loss after 344-hours in high-vacuum,
Slight increases in weight were observed during a 24-hour recovery
period at laboratory condition. This weight recovery, which occurs

with many materials, is usually associated with moisture absorption,

All three specimens were much stiffer after exposure and
the brown material had become darkened in the areas that had been
directly exposed to the x~-ray beam. The inserts in the connectors,
which were shielded from the x-rays by the connector shells, did not
become as stiff as the specimens that were directly exposed. Conse-
quently, additional tests would be required to determine the extent

to which the irradiation affected the physjcal properties.

5. Conclusions,

Exposure to high-vacuum and x-ray irradiation did not cause
any serious changes in the electrical performance of the connectors,

but physical changes in the rubber inscrt were observed. The largest
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change in overall insulation resistance was caused by increased

temperature, rather than reduced pressure or irradiation,

Longer exposure times would be required to determine if
the weight loss and stiffening of the rubber insert would lead to
mechanical failure. It appears that the life of the connector in a

space environment would be determined by mechanical rather than

electrical propcrties.
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Table I, Specimen #1, Insulation Resistance at ZSOC,

Atmospheric Presgure,

Vols  Ohma
45 7. 502107
90 T, 44x107

135 7. 18x10°

180 7.12x107

320 7.12x10?

640 7. 08x107
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Table I1. Specimen #1, Effect on Exposure at 650C, 10-5 torr

On Insulation Resistance.

Exposure Time 18t cycle 2nd cycle
(Hours) {ohma) (chms)
0 1. 561010 1. 33%1010
0.5% 1.47x10° 9.22x10"
1.0 3.53x10° 4. 68x107
1.5 2.98x407 3.96x107
2.0 2. 88x10° 3.96x10"
2.5 2.93x10" 4.19x107
3.0 3, 00x107 4. 50x1407
3.5 3. 16x107 4. 74407
4.0 3. 19x10" 4. 87x10"
4.5 3. 30%10" 5. 14x107
5.0 3. 39x10° 5. 45x407
5.5 3.64x10" 5, 63x107
6.0 3. 83x10° 5, 81x107
6.5 4.00x107 6.00x107
7.0 4.18x107 6. 41x10°
7.5 6. 72x10"
22.0 1.15x10°

* Heating started at zero time; temperature
constant at 659C after 0.5 houra.
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Table III. Specimen #1, Effect of Exposure to X-Ray irradiation

at 65°C, 10-5 torr on Insulation Resistance,

Exposure Time Resgistance Exposure Time  Resistance
__{Hours} ~~ (ohins) (Hours) {ohms)
1, 17x10% 74.5 3.02x10%
0.5 i, i5x10% 75,0 3.05x10"
1.0 1, 12x10% 77.0 2.90x108
.5 1. 09x10® 78.0 2. 84x108
2.0 1. 14x108 79.0 2.91x10®
2.5 1. 14x10® 95.5 3. 53x408
3,0 i.11x108 96.5 3. 2ix10°
3.5 1. 44x10° 97.0 3. 08x10®
4.0 1. 15xi0® 94,0 2.97x10%
1.5 1. 55x108 99.0 2. 97x10°
5.0 1. 17xi0® 100 2, 98x408
5.6 1. 18xt0® 101 3. 00x40%
6.0 1. 19108 102 3. 02x408
6.5 1. 20x108 103 3. 11x108
7.0 1. 24x10® 104 3. 18x10°
7.5 1. 25x10" 120 3, 66x10"
8.0 1. 29x10" 121 3.56x10"
4.5 1. 33x10° 12 3. 39x10®
23,5 1. 78x40° 3123 3. 40x10%
24.0 1. 78x10" 125 3.59x10%
25,0 1. 67108 126 3.6ixi08
26,0 1. 64x10® 127 3.52x10°
29.0 1. 72x10% 128 3. 54x10"
3.0 1. 78x40° 143 4.10x10%
32.0 1. gox10® 144 3.91x10°
47,5 2. 33x10% 145 3. 84x10°
49.0 2. 15x10% 146 3. 69x10°
50,0 2. t4xio® 547 3, 66x10"
51,0 2. 1axt0® 148 4.00x40%
52.0 2. 2ixto® 150 4. 09x10%
53,0 l.Mxi()B
55,0 2. 39x108




Table IV,

Effect of Exposure to X-Ray Irradiation at 65°C,

APPENDIX 1

10-5 torr on Insulation Resistance.

Exposure Time

Insulation Resistance {(chms)

(Hours) Spec, 2
0 2. 81x101¢
0.5 1. 44x10®
1.0 3.37x10"
1.5 2. 25xi0”
2.0 2.54x107
2.5 2.56x107
3.0 2. 65x10°
3.5 2. 73x40°
4.0 2.79x10’
4.5 2.95x407
5.0 3.44x107
6.0 3, 60x107
7.0 3. 87x40"
8.0 4.18x107

24,0 8.78x10"
26.0 8. 66x107
28.0 9. 10x10"
30.0 9. 33x10"
33,0 1.03x10%
48,0 1, 59%10%
56,0 1. 67x10®
72.0 1. 85%10°
78.0 1.90x108
96.0 2.50x10%
104 2.59x10"
168 3.92x40%
192 4. 28x10°
200 4, 28x10%
220 3. 83x10°
240 4. 18x10°
248 4. 142108
264 4, 47x10%
272 4. 38x1 08
344 &, 14x10°

Spec. 3 Spec. 4 Spes . S
3.05x10'® 3. 34x40%0 3. 58x10'0
11xt0®  1leex10® 4, 45x10®
2. 75%407  3.53407  6.25x107
1.90x107  2.27x10°  3.83x10’
2.46x107  2.52x407  4.09x107
2, 200107 2.27x107  4.09x10"
2. 3Mx107  2.64x10°  4,09x107
2. 42x107 2. 7ix407  4.00x107
2,49x107  2.79x107  4,05x107
2.67x107  2.95x107  4.14xt0’
2.84x107  3.08x10°  4.39x107
3.36x107  3.64x10  4.87x407
3.67x107  3.96x407 5. 22xd0"
4.05x107  4.34x107 5. 63x10’
8.78x107  9.62x107 1. 21x10%
8.66x407  9.37x40° 1. 18x40%
9.00x10°  9.83c10’ 1,22x408
‘7.7,1)(107 1_01:(108 1.26x{08
t.oex10®  11ax10® 4. 4ix108
1.56x10% 4. 75xi0% 2, 16xt0®
1.62x10%  1.80x10% 2. 24x10°
1.78x40%  1.96x10%  2.59x108
£.78x108  5.98x10%  2.654108
2. 29x10%  2.61x108 3. sax10®
2.38x10% 4 71x10% 3. 65x10®
347408 4.09x40% 5. 72x108
3.83x10%  4,50x10% 6. 43x108
3. 75x10% 1. 39x10% 5. 33x108
3, 34x40%  1,00x10® 5. 72x10%
3. 71x10% 4 48x10% 6. 43x10®
3. 62x10%  4.39x10% 6. 37x1 08
3.‘71;(103 4.73)(108 6.97)(108
3. 82x10% 4. 66x10% 6. b9x10®
4 56x108 5.4!))(103 B.U?xioa

83
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Table V.

APPENDIX 1

Failure Locations. Tracks formed on flat surface of

rubber insert between pin locations shown.

Specimen Complete Track Partlal Track
High Ground High  Ground
i N P L K
L M
2 ™ s
3 T S G D
4 I M

2x
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Table VI. Percentage weight loss of rubber insert sections after

exposure to x-ray irradiation at 65°C, 10-5 torr for
344-hours.

Tlme elapsed

after removal Black Transition Brown

from chamber Specimen Specimen Specimen
(hours)

o 3.224 5. 405 6.114

0.5 3,204 b, 362 6,088

1 3. 200 5,353 6.081

2 3.192 5.334 6,065

3 3.189 5,328 6,060

4 3.184 5.320 6.053

5 3,180 5.312 6,047

7 3.1475 5,304 6.038

24 3. 143 5,237 5.982
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APPENDIX II.

SUMMARY OF ELECTRICAL DATA ON SILOXANE DIELECTRIC
COMPOSITIONS FOR ANTENNA-MOUNT INSULATORS

In a report submitted to USAERDL on May 9, 1962, test
results on several antenna-mount insulators and insulating materials
were presented. Among the materials included in that study were
two siloxane compositions (C-1928 and C-1941) supplied by the
Delaware Research and Development Corporation, Wilmington,
Delaware. To provide further information on materials of this
type, additional measurements have been made on scveral siloxane

compositions and are reported hercin,

The material designated C-1977 in this report is the same
composition type as the materials designated C-1928 and C-1941 in
the previous report. This matcrial was used in the fabrication of

antenna-mount insulators tested in the previous study.

All specimens used in this series of tests were provided by
the Delaware Research and Development Corporation on a no-cost

basis.,

The test methods employed in all measurements have been
described in numerous reports issued by the Dielectrics Laboratory.
Tables I and II include loss data at frequencies other than those
normally used at this laboratory. These values were obtained at
several other laberatories and compiled by the Delaware Research

and Development Corporation,
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Flashover and electric strength tests were made by applying
a gradually increasing voltage from zero to maximum in approxi-
mately 40-seconds. Flashover tests at 100% RH were made on speci-
mens that were mounted in a conditioning chamber and left undisturbed
until after the measurements were completed. Condensation on the

surfaces of the specimens and the electrodes contributes to the spread

in results.
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Table I, Summary of Dielectric Constant Data on Siloxane

Compositions, *

Ereguency

60 cps
100 cpa
1 Ke
il i
100 Ko
2 Mc
18 Mc
40 Mc
100 Mc
250 Mc
300 Me
1 Ge

B.5 Ge
9,2 Cic
9,375 Ge
14 Ge

:, 378
2, 375
2,367
2. 350
2. 346
2,335
2,310
2. 282
2.240

2. 26
2,255
2.26
2,206

2.39

2.39
2,38

2.38
2,24

2,50
2.49

2.51
2,48

.63

.77

5.94

5.99
A, 04
6.10
6.02

C-1977 C-192B C-1147 GC-199¢ C-1983 C-1985 C-1989

% Includes data from other laboratories compiled by Delaware

Research and Development Corporation.
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Table II. Summary of Dissipation Factor Data on Siloxane

Compuositions,

Frequency ,EL‘977 C—iqig

60 cps
100 cps
1 Ke
10 Kc
100 Ko
2 Mc
18 Mc
40 Mc
100 Mc
250 Mc
300 Mc
1 Gc

3 Ge
8.5 Ge
9.2 Ge
9.375 Gc
14 Ge

% Includes data

Research and Development Corporation,

. 00128
. 00159
. 00191
. 00159
. 00137
. 00067
. 00083
. 00079
. 00061

. 00099
. 00103
. 00104
.N0{48

<, 0005

<, 0005
<. 0005

. 0003
. 0006

L0018

C-1447 G-1994 C-1983 G-1985 G-1989

. 0002

. 0001

. 0002 L0012 . 0014 .00zt . 0006

. 0002

. 0003

. 0004 0018

. 0006 , 0034

. 0007 L0042 , tn3g 0012
. 0040

, 0008 , 0023

. 0009

from other laboratories compiled by Delaware
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Table I1I, Effect of Temperature and Molsture Absorption on Loss

Properties of Composition C-1928, (1)

Condition _et tanbd
(2)
25C/100%RH 2,39 L
85C-1 hour 2,32 L
85C-24 hours 2, 34 L
After 1 hour recovery 2. 37 1.
25C/100%R 1, 1 hour 2,39 L
25C/100%RH-24 hours %, 40 . 005
After 1 hour recovery 2.39 L

{1) Average values for two specimens.

{2) L. = Less than 0. 0005,
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Table IV, Effect of Exposure at 30°C, 100% RH on D-C Surface

Resistivity (chms per square). One minute electrification,

Fxpoaure

Time
(Houra) C-1977 C-1994 C-1983 C-1995
Inftial 4.5x1017 oo™ ooiaol® 20!
24 i.2x101¢ 9.0x10'%  1.oxt0lé 1. 2410%°
48 1. 3xi0t? 2 1x101% g sxg0't L 2x1010
72 8. 0x1012
88 3.3x107  3.5x10'% 1. 3x1010
9% 1. 4xto? 9.0x10° 5 8x101® 2. 4xt010
Rr-cnvcry(”

Time
AHeurs)

1 10! a.exto'? 3 ax10?® 5.oxi01
24 3.3x10'3 3 axt0!? 2.9xa0?7
64 1.07(10‘8

(1) Recovery at 50%RH.
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Table V, Eiffect of Exposure at 30°C, 100% RH on D-C Volume

Resistivity {(ohm-cm), One minute electrification,

Exposure
Time
{Hours) C-1977 C€-1994 C-1983 C-1995
Initial 1.4x1018 2.6x10'% 4 0x10'% 1, 2ut0!7
24 1. 7x0? 1.5x10%3  fsx10%? 5 mueald
48 1.1x10%3 sad0l? poautet? 3 7xaol?
72 1. 3x103
88 1.0x10%% 4 0x1012 3. oxt0l?
96 1. 2x101? 8.0x10%¢  3.1x10'%  7.1x10'4
Recove ry“ !
Time
(Hours)
1 2. 1017 1.4x10'? zo2xt0'? 4axao?”
24
64 . w07 9.0x10%% g oxto?? 1, sxto!?

{1) Recovery at 50%RH.
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Table VI. Average Values of Electric Strength {(rms VPM),;
Recessed Electrodes, 1/2" Diameter Tapered
Electrode,
60 cps 2 Mc 18 Mc
Composition No. Tests Mils VPM No, Tests Mils VPM No. Tests Mlils VPM
C-19717 40 1044 3 33 37% 3 33 144
C-1977 after 4 33 1480 3 32 335 4 35 i08
24 honta at
30C/100RH
C-1147 4 43 1175 4 45 509 4 42 214
C-1994 [3 41 930 4 47 147 4 45 59 %
C.1983 3 42 986 2 42 163 2 46 54%
C-1985 8 44 411 45 964 3 45 37T*
C-1989 i6 40 816 A 45 206 10 45 60 %

¥ Thermal failure,

# Punciure accumpanled by significant heating.
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Table VII, Flashover Voltage (rms KV), 3/4" Diameter Electrodes,

3/8" Gap. Initial Values and Exposure Data at 30°C,

100% RH with Condensation,

Exposure 60 cpn 2 Mc
Time
Composition {hours) No. Tests KV No. Tests KV
. (1)
Cc-1917 Initial 4 13,8 4 12.3
1 3 9.3 4 10.9
24 5 8.2 4 8.5
C-1147 Initial 4 10. 6
96 4 7.7
C-1394 Initinl 3 9.3 3 8.0
1 2 9.4 i
24 4 g4 i 4,
C-1983 Initial . 3 9.0 3 6.%
1 3 8.4 i 6.0
24 3 8.5 1 3.7
C-1985 Initial 3 7.8
1 3 7.9
C-1989 Initial 6 1.8 3 11.0
1 5 8.3 3 8.7
24 3 8.0 3 4.0

{1) 18t Rerun game specimens - 14. 1 KV
2nd Rerun same gpecimens - 14,3 KV

18 Mc

No, Tests

W A

KV

10.8

10.5
8.0

6.5
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l APPENDIX III.

‘ DIELECTRIC PROPERTIES OF EXTRATERRESTRIAL DUST

~

2a i,

Measurements of dielectric constant and dissipation factor

were made on specimens of extraterrestrial sediment from ice

© ———

melters located at the South Pole Station. Specimens identified as
Material I and Material II were prepared at USAERDL, Fort Monmouth,

New Jersey is the following way:

Matecrial I. Passed through 40 mesh screen.
Material 1I. Passed through 40 mesh screen and
heated at 600°C for one hour to burn

off organic contaminants.

A small cell was made which permitted the powdered
material to be poured into the space between a pair of parallel plate
electrodes. The clectrcdes were 3" x 3" and were separated by a
distance of 1/8". This cell was used for measurements over the
frequency range of 750 kc to 20 Mc. The measurements were made

with a Boonton Model 260-A Q~Meter.

Preliminary measurements were made on: (a) the loose
material, immediately after it was poured into the cell; (b) the
scttled material, after standing.for one hour, and (c) the compact
material. The compact specimen was formed by vibrating the cell
until the volume of material no longer decreased. No differences
could be detected between the loose and the settled specimens, so no

further measurements were made on the settled material,

A smaller cell with shorter leads was required for measure-

meants with a Boonton Model 190-A Q-Meter in the frequency range

of 100 to 200 Mc. An existing sample holder was modified for this

purpose. It was necessary to insert a polystyrene ring between the

electrodes to maintain a fixed scparation. The volume of material
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between thc electrodes was 1. 765" in diameter and 0,137" thick, It
was not possible to make measurements on the loose material with

this cell.

Measurements were made on both materials in the as-received
condition and aftcr being dricd at 50°C for 90-hours. Density deter -
minations were made each time a cell was loaded. All measurements

were made at room temperature,

The results are summarized in Table I. It should be noted
that the densities for the 100 to 200 Mc specimens were significantly
lower than the compact specimens obtained in the larger cell, Conse-
quently, the high-frequency data is rnore in line with the low-frequency

measurements on the loose material.

The importance of residual moisture content is demonstrated
by the significantly lower tand of the dried specimens of Material II,
A further reduction in tané would probably be observed if the measure-
ments were made on specimens that were placed in a high~vacuum

chomber.

I'o make meaningful measurements in the 1.0 to 8, 6 kmc
range it would have been necessary to modify the available Dielectro-
meter. It was not possible to load the powdered material in the
waveguide and accurately determine the position of the specimen sur-
face. With such a low dielectric constant material it would be
necegsary to fill the waveguide tc a depth of about 2-inches and to
dectermine this depth with an accuracy of a few mils, Even if a known
weight of powder could be poured into the guide, the variation in
packing would be great enough to introduce a prohibitive error in the

calculated depth.
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Table I, Dielectric Constant and Dissipation Factor of

Extraterrestrial Dust from the South Pole Sta'tion.

Density
Material 1 250 KG 1 Mc 10 Mc 15 Mc 20 Mc {gra/cm3)
As-roceived Loose ¢’ 2. 28 2. 24 2,24 2.17 2.09 0, 459
tand 0. 045 0,047 0. 045 0.042 0.056
As-received Compact ¢! 3.22 3,14 L.99 2.91 2.78 0,620
tand 0. 050 0,048 0,053 0. 051 0,066
Dricd Louose €' 2.25 2.19 2. 19 2. 11 2.02 0. 445
tand 0,043 0. 042 0.04R 0.042 0,058
Dried Compact e! 3.2 3,04 2.92 2. 84 2,69 0.614
tand 0.047 0.044 0.047 0. 046 0,062
Material II
Ag-received Loose ¢! 1.8% 1,85 1.73 1.72 1.69 0. 496
tanb 0,207 0.167 0.058 0, 044 0,053
Ag-receilved Compact ¢! 2, 46 2.4 2,24 4.1 2.006 0. 685
tand 0.213 0.193 0,058 0. 047 0. 056
Nried Loose ! 1.77 1.76 1.75% 1.69 1. 61 0.503
tand 0. 055 0.047 0.018 0.022 0.0213
Drvied Compact €' 2.22 Lol 2.17 2,11 Z.04 0,707
tand 0. 081 0. 059 0,077 0,024 0. 025
Density
Material 1 100 Mc 150 Mc 200 Mc  (gm/cmd)
As-recieved Compact ¢! 4,50 1.35 1,256 0. 464
tané 0,054 0. 050 0. 064
Dried Compact ¢! 1,53 1. 36 1,25 0.573
tané 0,056 0.0%4 0. 046
M.ncrl:l]£
As-recelved Compact ¢! 1.36 1,28 i,2¢2 0. 544
tané 0.118 0,244 0.158
Dried Compact [ i.43 1,37 1.30 0.618

tand 0.020 0,015 0.012
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i - Comimander, Air Force Cambridge Research Laboratories, ATTN: CRO, L.G. Hanscom Field,
Bedford, Massachusetts
1 - Commander, Air Force Command & Control Development Division, ATTN: CRZC, L.G. Hanscom
Field, Bedford, Massachusetts
1 - Commander, Rome Air Development Center, ATTN: RAALD, Griffiss Air Force Base, New
York
10 - Commander, Armed Services Technical Information Agency, ATTN: TISIA, Arlington Hall
Station, Arlington 12, Virginia
2 - Chief, U.S. Army Security Agency, Arlington Hall Station, Arlington 12, Virginia
1 - Deputy President, U.S. Army Sccurity Agency Board, Arlington Hall Station, Arlington 12,
Virginia
1 - Cornmanding Officer, Harry Diamond Laboratories, ATTN: Library Room 2411, Building 92,
Washington 25, D.C.
{ : Corps of Engineers Liaison Office, U.S. Army Electronics Research and Development
Laboratory, Fort Monmouth, New Jersey
{1 - AFSC Sclentific/Technical Liaison Office, U.S. Naval Air Development Center, Johnsville,
Pennsylvania
1 - USAELRDL Liaison Office, Rome Air Development Center, ATTN: RAOL, Griffies Air Force
Base, New York
1 - Commanding Officer, U.S. Army Electronics Materiel Support Agency, ATTN: SELMS-ADJ,
Fort Monmouth, New Jersey
i - Marine Corps Liaison Office, U.S. Army Electronics Research and Development Laboratory,
ATTN: SELRA/LNR, Fort Monmouth, New Jersey
{1 - Commanding Officer, U.S. Army Electronics Research and Development Laboratory,
ATTN: Director of Research or Engineering, Fort Monmouth, New Jersey
1 - Commanding Officer, U.S. Army Electronics Resecarch and Development Laboratory,
ATTN: Technical Documents Center, Fort Monmouth, New Jersey
1 - Commanding Officer, U.S., Army Electronice Research and Development Laboratory,
ATTN: SELRA/ADJ (FU#1), Fort Monmouth, New Jersey
2 - Advisory Group on Electron Devices, 346 Broadway, New York 13, New York
3 - Commanding Officer, U.S. Army Electronics Research and Development Laboratory,
ATTN: SELRA/TNR, Fort Monmouth, New Jersey (FOR RETRANSMITTAL TO ACCREDITED
BRITISH AMD CANADIAN GOVERNMENT REPRESENTATIVES)
1 - Commanding Gencral, UJ,S. Army Combat Developments Command, ATTN: CDCMR-E,
Fort Belvoir, Virginia
{ - Commanding Officer, U,S. Army Combat Developments Command, Communications-
Electronics Agency, Fort Huachuca, Arizona
{1 - Director, Fort Monmouth Office, U.S5, Army Combat Developments Command, Communica-
tions-Electronics Agency, Building 410, Fort Monmouth, New Jersey
1 - AFSC Scientific/ Technical Liaison Office, U.S. Army Electronics Rescarch and Development
Laboratory, Fort Monmouth, New Jersey
{ - Commanding Officer and Director, U.5. Navy Electronice Laboratory, San Diego 52,
California
1 - E.1. du Pont de Nemours and Company, Inc., Plastics Department, ATTN: Mr. Joseph C.
Reed, Wilmington, Delaware
1 - E.I, du Pont de Nemours and Company, Inc., Film Department, ATTN: Dr, Carl J,
Heffelfinger, Circleville, Ohlo
1 - Delaware Resecarch and Development Corporation, ATTN: Mr, Charles L. Pectze, 222 Sunset

Drive, Wilmington, Delaware
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Bendix Systems Division, ATTN: Mr. E. LaSalle, Ann Arbor, Michigan

Nuational Acronautics and Space Administration, Guorge C. Marshall Space I‘lxght Center,
ATTN: Mr, W.E, Bech, Huntsville, Alabama

General Electric Company, ATTN: Dr, Robert 5. Shane, Post Office Box 459, Utlca New
York

Lockheed Aircraft Corporation, Missiles & Space Division,
{D/53-35) Sunnyvale, California

Director, National Aeronautics & Space Agency, ATTN: O, R. Lloyd,
1520 H Street, N.W., Washington 25, D.C. b
Picatinny Arvsenal, Plastics Technical Evaluation Center, ATTN: H. E. Pebly, Jr., Director,
Dover, New Jerscy

Commanding Officer, Quartermasgter Research & Engineering Center, ATTN: QMREL-
PRCN, Natick, Massachusetts

Radio Corporation of America, Electron Tubes Division, ATTN: Mr,
Administration, Harrison, New Jersey

Bendix Corporation, Bendix Systems Division, ATTN: Mr.

Ann Arbor, Michigan
Director, National Aeronautics & Space Administration, Goddard Space Flight Center,

ATTN: Mr. Aaron Fisher, Code 623, Grecnbelt, Maryland
Commanding General, U,S. Army Missile Command, ATTN: AMSMI-RGC, Redstone Arsenal,

Alabama

ATTN: Dr. Francis J. Clauss

Information Director,

R. T. Jeffrey, Contract

C. E. Jahnke, 3300 Plymouth Road,

U.S. Army Satellite Communications Agency, Fort Monmouth, New

Jersey
Commanding Officer, U.S. A. Elcctronics Rescarch & Development Laboratory, Fort

Monmouth, New Jersey

ATTN: SELRA/PE (Dr. E. Both)
ATTN: SELRA/PE (Division Director)
ATTN: SELRA/PEE (Mr. E. Linden)
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